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RECHERCHES SUE LES COMETES 6 ET c 1881. 
Pab TH. BREDICHIN. 

1. Comite b 1881. 

Les observations des cometes 6 et c employees dans ce m^moire sont faites par 
MM. Th. Bruhns, candidat de notre university (Simf(^ropol en Crim^e, 2^* 16* 
k TEst de Greenwich) ; H. J. H. Groneman et J. C. Kapteyn, professenrs k 
Groningue (Hollande ; 26" ^ TEst de Greenwich) ; G. Tempel, astronome d'Arcetri, 
et par moi-mfeme {k Nicolajeff). 

M. Bruhns a soigneusement dessin^ les contours des queues des cometes & et c 
sur les cartes de I'atlas de Heis et il m'a envoy^ une copie fidMe de ces dessins, 
dont j'ai tir^ les positions des points des queues. 

Les positions des queues d^crites dans la lettre de M. Groneman, que je publie 
ci-dessous, ont 6t4i port^es par moi sur les cartes de Heis,' pour en d^duire les 
co-ordonn^es des queues. 

Les observations de M. Tempel sont representees par des excellents dessins dont 
je reproduis ici celui de la comfete 6. 

Que ces messieurs veuillent bien recevoir ici mes plus vifs et plus sinc&res remerci- 
ments de leurs communications. 

Mes observations sont aussi port^es sur les cartes de Heis. 

Les positions des queues sont d'abord representees par les co-ordonnees rapportees 
h, requinoxe de 1855*0 ; dans les calculs ces positions sont reduites & Tequinoxe de 
1881*5. Les numeros des etoiles sont ceux de catalogue Heis. Le temps est 
rapporte au meridien de Greenwich. 

Observations de M. Bruhns : — 

Juin25, ll"*-?. Pour le bord gauche 82 Camelopard. 85^ 13', + 57'' 55'; pour 
le bord droit 82^ 48', + 57^ 55'. 

Juin 26, ll''^. Pour I'axe de la queue 85® 36', + 61° 54'; la divergence des 
bords 18*". 

Juin 28, 9''*7. Camelop. 91, mais Tascension droite doit Stre diminuee de 5®, 89"* 
30', + 78® 7' ; divergence des bords 14^ 

Juin 29, 9''0. Camelop. 91, Tascension droite diminuee de 3''-6, 90"* 54', + 78** 7'. 

Juin 30, 10^*5. Camelop. 91, ascension droite diminuee de 2***9, 91® 36', + 78® 7' ; 
k la longueur angulaire calcuiee s de la queue il faut aj outer 1** ; divergence 10®. 

Juillet 1, 8"'*7. Camelop. ^(91 + 93), 94® 56', + 78® 55' ; ^ s il faut ajouter 2*; 
divergence 10*. 

VOL. II. A 
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Juillet 2, 11^7. Camelop. ^(93 + 97), 97° 32', + 78° 26'. 

Juillet 3, 9^-7. Camelop. |(102 4- 103), 104° 45', + 82° 5' ; divergence 7°. 

Juillet 4, 13^-0. Camelop. 102, 104° 25', + 81° 30'. 

Juillet 6. 13^-0. Camelop. 116, 119° 0', + 82° 52'. 

Juillet 15, ll'*-2. Camelop. 131, 192° 1', + 84° 12'. 

Juillet 19, 10^-2. Camelop. 135, 206° 40', + 83° 29'. 

Le bord droit de la queue (ant^rieur par rapport au mouvement dans Tespace) 
^tait toujours plus clair, que le bord post^rieur. 

Observations de MM. Groneman et Kapteyn : — Diese Beobachtungen wurden in 
der Weise gemacht, dass erstens die Richtung der Tangente an dem Kempunkte 
der Axe, zweitens diejenige einer Geraden, die von dem Kerne nach einem Punkte 
P gezogen wurde, welches in der Axe in einer Entfernung aj8 Ursse majoris 
gedacht wurde (la longueur de cet s est ^gale h, 5*'-5), wahrend drittens die von 
P aus fast geradlinige Schweifaxe durch ihre verlangerte Richtung bestimmt 
wurde. Die Mehrzahl dieser Bestimmungen sind Mittelwerthe aus unabhSngig von 
Prof. Kapteyn und mir mit blossom Auge erhaltenen Resultaten, was ich mit (K.) 
und (G.) andeute. Die tibrigen, nur mit (G.) bezeichneten, sind von mir allein 
gemacht worden. Weiter sind noch einige wenige Bemerkungen anderer Art in 
Betreff dieses Kometen hinzugefugt. 

Juni 24, ll^'l. Lange des Schweifes mit blossem Auge = oS Ursae majoris. 
(G.) Die gerade Linie Kern — P weist nach einem Punkte zwischen Polaris und y 
Cassiopeiae auf ^ dieser Linie, von Polaris an gerechnet (Le point de la queue est 
d^termin^ par T^toile 55 Am'igse, mais Tascension droite doit 6tre augment^e de 1°, 
83° 24', + 53° 25' ; s = 5°'5). In einem Merz'schen Refractor von beilaufigS cm. 
Oeffnung und 80.facher Vergrosserung zeigten sich aus dem Eeme verschiedene 
Ausstromungen : (1) Im umgekehrten Bilde nach rechts eine sectorahnliche, fast 
bis zum ziemlich gut begrenzten Rande des Kopfes reichende, (2) eine viel kleinere 
weiter links und (3) eine schwache und fast linienformige, geradlinige, in der 
Richtung der Axe des Schweifes austretende und von der Sonne abgewandte.* 
(G. und K.) Ausser diesen drei Ausstromungen war eine enganschliessende neblige 
Umhiillung des Kernes, so wie ein ziemlich deutlich begrenzter Kopf mit ausserer 
parabolischer Begrenzung sichtbar, die von einer aus dem Kerne ausgehenden, 
verwaschenen Doppelparabole, dem Zeichen des Widders nicht unahnlich, von der 
uebrigen Nebulositat des Schweifes getrennt war (G.). 

Juni 23, 1 1*** I . Die oben angedeutete Tangente am Kempunkte der Axe ist nach 
8 Draconis gerichtet. Die gerade Linie Kern -- P weist nach Polaris hin, wahrend 
die Schweifaxe von P aus nach c Ursae minoris gerichtet ist. (Pour la direction 86 
Camelop., 89" 34', -H 65« 43'; 5 = 5°'5.) 

Der Schweif ist nicht scharf begrenzt, ist aber an der rechten oder vorangehenden 

* Simplement Tefifet de U perspective. — Br. 
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Seite, dem Scheine nach, etwas scharfer. Die Schweiflange war mit blossem Auge 
um lO'^'S = oS lJrs86 majoris. Um 11^'5 reichte der Schweif aber bis zur Mitte 
des Bogens Kern — Polaris. 

Juni 29, ll'^'S. Die Linie Kern — P weist nach der Mitte des Bogens 8 — x 
Draconis bin. Von P an ist die Scbweifaxe nach Polaris gerichtet. (K. und G.) 
Schweiflange mit blossem Auge um li**'5 = ay UrssB majoris. Im Refractor mit 
80-facher Vergrosserung zeigte sich eine breite facherahnliche Ausstromung, 
symmetrisch zur Schweifaxe. Jedoch war an der linken Seite (im uragekehrten 
Bilde) eine hellere, schmalere Ausstromung und rechts eine kleinere aus dem Kerno 
ausgehende auf diesem Facher projectu-t. Auch jetzt ging eine Doppelparabole 
aus dem Kerne aus, welche die Begrenzung des Kopfes an der Schweifseite bildete. 
Nach der Sonne bin war der Kopf sehr verwaschen. (G.) Ungefahr 11^ ging ein 
Stem 7 Grosse dicht am Kerne durch den Kopf, ohne die geringste Abschwachung 
zu erleiden. (De la carte de Heis on obtient Se** 18', + 75^ 34' pour s = 5°-5.) 

Juli 1, IV^'Z. Die Schweiflange mit blossem Auge = ay Ursae majoris. (G.) 
An der vorangehenden Seite ist der Schweif mit blossem Auge scharfer und heller. 
Im Kometensucher ist der Himmelsgrund an der linken Seite des Schweifes dunkler, 
welches. auch auf eine scharfere Begrenzung der vorangehenden Seite hinweist. 
Die Linie Kern — P ist nach a und ^ Draconis gerichtet. (K.und G.) Von P aus 
weist die Axe nach c Ursse minoris bin. (D'oii pour la position on a 90 Camelop, 
93° 50', + 79° 41', pour s = 5°-5.) Im Refractor ist das Bild ungefahr wie am 29 
Juni ; der Facher aber mehr gleichmassig. Im Schweife noch immer kein* dunkler 
Streif langs der Axe. (G.) 

Juli 4, ll**'! Die Schweiflange nicht ganz gleich ay Ursae majoris. (G.) Die 
Linie Kern — P zeigt nach O'l des Bogens t/f<^ Draconis, von t/f an gerechnet ; die 
Tangente ain Keinpunkte der Axe nach einem Punkte in der namlichen Entfermmg 
und auf dem namlichen Bogen rechts von ^ Draconis. (K. und G.) Von P. an 
geht die Scbweifaxe ziemlich gerade nach c Ursae minoris, Dej: Schweif an der 
rechten Seite mit blossem Auge etwas hellen Im Refractor zeigt sich eine ziemlich 
starke Ausstromung nach der rechten Seite. (G.) (Pour la position on obtient 
105° 0', + 80** 0', et 5 = 5°-5.) 

Juli 5, II**']. Schweiflange mit blossem Auge = j8y Ursae majoris. Die Linie 
Kern -- P weist nach J des Bogens ^ Draconis, von ^ an. (Pour la direction 
Camelop. ^(102 + 106), 108^ 43', + 81° 4', pour 5 = 5^-5). Von P an geht 
die Axe nach ^ Draconis. Die Tangente am Kernpunkte geht verlangert nach 8 
UrsaB minoris. (G.) 

Juli 14, 11^1. Mit blossem Auge ist die Schweiflange fast der Distanz jSy 
UrssB minoris gleich. {s est ^gal ^ 3°0.) Der Kern hat die Helligkeit eines 
Stems von der 4*® Grosse. Der Anfang des Schweifes geht scbarf rechts an jenem 

* Les obsen'ateurs munia de bonnes lunettes ont observe un cdne obscur derri6re Ic noyaa.— Br. 
VOL. II. A 2 
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Stemchen der 6 Grosse vorbei das im Heis'schen Atlas auf ^ des Bogens liegt, 
welcher vom Schwanzende des Drachens zum Sterne 5 Grosse am rechten Home 
der Giraffe lauft. Waiter ist der Schweif auch wegen des Mondscheins nicht 
deutlich genug, um die Kriiminung zu bestimmen. (G.) (Pour le bord post^rieur : 
Camelop. 124, 153" 14', + 83° 18'.) 

Juli 17, 10^*4, mit blossem Auge. Im Schweife befindet sich der Stern 5 Grosse 
(Camelop. 131). Die Schweifaxe geht sudlich langs dieses Stemes in einer Distanz 
= ^(Mizar — Alcor). Ungeachtet der grossten Aufmerksamkeit war keine Kriim- 
mung zu constatiren obgleich bisweilen eine Andeutung von einer Abbiegung des 
Schweifendes nach Siiden zu bestehen schien, jedoch immer sehr zweifelhaft. (K.) 
(Pour la directiopL : 131 Camelop., mais sa d^clinaison doit 6tre diminu^e de 10', 1 92"* 
1', + 84° 2' ; ks calculi h, Taide de cette etoile il faut ajouter 0*3 s.) Schweiflange 
1*3 der Distanz vom Kometen bis zu dem genannten Stem. 

Juli 18, ll**'!. An diesem Abende erkannte ichden Kometen mit blossem Auge 
bei ausserordentlich klarem Himmel, um 9 Uhr. Der Kern erschien als ein Stern- 
chen, nur sehr wenig schwacher als Alcor (im Operngucker) ; jedoch schien der 
Komet mit blossem Auge viel heller als ein Stern der 5 Grosse. Ich sah den 
Schweif spater an diesem Abend nicht langer als /3y TJrste minoris {s est ^gal ^ 
3°*0), und ohne Kriimmung. Die Schweifaxe war nach einem Stern der 6 Grosse 
gerichtet, der etwas hoher als das rechte Horn der Giraffe (Atlas Heis) sichtbar 
war, ein wenig links von der verlangerten Linie, welche aus dem Sch^vanzende des 
Drachen (Atlas Heis) zum genannten Sterne gezogen werden kann. (Pour la 
direction 135 Camelop., 206° 40', + 83° 29' et 5 = 3°0.) 

Juli 27, lO'^'l. Die Schweifaxe war nach 137 Camelopard gerichtet und femer 
nach xft Draconis. Der Schweif war gerade und mit blossem Auge so lang aJs oS 
Ursse minoris. (La carte de Heis donne pour la direction 208° 19', + 82° 4' ; 
^ = 4°-0.) 

Le dessin de M. Tempel (planche L, fig. 1) se rapporte au 27 Juin, 10''*25 t.m. 
de Greenwich. II est fait sur la premiere carte de Tatlas d*Argelander (Neue 
Uranometrie). On voit T^toile polaire au milieu des deux queues ; Textr^mit^ de 
la queue plus courte touche T^toile 138 Camelop. (225° 7', + 83° 6') ; pour Textr^- 
mit^ de la queue plus longue Tascension droite est celle de r Draconis et la 
d^clinaison de v Draconis (289° 35', + 71° 6'). 

Par rapport k la double queue M. Tempel dit dans sa lettre : " Der Comet hatte 
nur am 27 Juni diesen Doppelschweif, und die folgenden Nachte war der nach links 
zu allein sichtbar." 

L'existence des deux queues vers ce temps est parfaitement confirmee par les 
observations importantes de M. Lewis Boss. (The American Journal of Science, 
No. 128, August, 1881, p. 141), Dudley Observatory, Albany (lat. 42° 40' N.). 
" The nights of June 26, June 28, July 1, 8 and 13 were unusually favourable for 
such studies here. The atmosphere was unusually transparent on June 26, and I 
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then traced the tail for a distance of nearly forty degrees from the nucleus. On 
that night there were two branches. The longer and brighter branch was perfectly 
straight. The other curved, with its concavity toward greater right ascension. On 
the next clear night (June 28) the straight branch was of about the same length as 
the curved one, and was a thin and scarcely perceptible streak. On July 1, the two 
branches seem to have merged into one, presenting a shorter and broad fan-like 
appendage, perfectly straight and strongly marked on the preceding side, concave 
and nebulous on the following. 

On all occasions the nucleus under a power of 250 has seemed to be quite distinctly 
defined and star-like in appearance. On June 26, its measured diameter was 7" ; 
on July 8, this had become 2''. The latter measure reduced to the distance of 
June 26 becomes 3'''3, a rather surprising reduction in the diameter, if it be 
real." 

La description de la queue du 26 Juin, faite par M. L. Boss, parait 6tre une 
explication du dessin de M. Tempel du 27 Juin, k tel point le ph^nom^ne 6tait 
identique pour ces deux observateurs. 

Comme la clart6 de la Lune influe sur les apparences de la queue, je veux 
indiquer ici les phases de notre satellite : 

Mai 27— nouvelle Lune ; Juin 5 — ^premier quartier ; Juin 12 — ^pleine Lune ; 
Juin 18 — dernier quartier; Juin 26 — ^nouvelle Lune; Juillet 4 — premier 
quartier; Juillet 11 — pleine Lune; Juillet 18 — dernier quartier; Juillet 25 — 
nouvelle Lune 



Les 616ments de Torbite {DunSr: Astr. Nachr. No. 2394, p. 283) sent 

T = 1-881, Juin 16442 t. m. de Greenwich. 
«• - ft = 364'' 15'-2 
ft = 270 67 
1= 63 25-9 
Ig. q = 9-865986 
lg.m = 0-16115 



,^.^1 6qm. 1881-0. 



La Terre a pass^ par le plan de Torbite le 21 Juin, 19** 38" t. m. de Greenwich. 
Avec € = 23'' 27' -2 Ton trouve : * 

A = 192^ 6'-9 D = + 23^ 5r-2 

Pour calculer les positions du noyau on a : 

X = r . (9-65082) sin (366° 26'-7 + v) 
J = T' (9-99185) sin (243 25-7 + v) 
z = r . (9-96124) sin (328 28-1 + v) 

* Lea formules pour les redactions an plan de Torbite se trouvent dans les Astr. Nachr. No. 1172. 
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Ces positions et les positions du Soleil a et d! pour les moments des observations^ 
sont — 



$81, t. m. de Gr. 
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96 


53-0 


97 


63-5 


97 


57-0 


98 


53-8 


99 


0-5 


99 


59-5 


100 


67-0 


101 


1-5 


102 


7-0 


103 


3-5 


104 


8-8 


104 


13-8 


106 


10-6 


106 


170 


114 


21-3 


115 


22-3 


117 


21-3 


118 


230 


119 


21-0 


127 


16-8 



23° 


24'-4 


33 


22-7 


23 


20-5 


23 


18-1 


23 


15-3 


23 


151 


23 


120 


23 


11-7 


23 


8-1 


23 


4-2 


23 


3-8 


22 


69-1 


22 


64-& 


22 


48-9 


22 


48-5- 


22 


43-2 


22 


36-6 


21 


340 


21 


24-3 


21 


4-4 


20 


53-5 


20 


42-8 


19 


2-6 



Pour les mSmes moments on a plus loin — 



logr 



logp 



s 



Jnin 24 


+ 17° 


28'-9 


9-87613 


9-4943 


-IS" 


60' 


er 


36' 


97° 


2V 


26 


19 


38-5 


9-87880 


9-51 15 


16 


32 


62 


66 


99 


52 


26 


21 


43-0 


9-88169 


9-5295 


14 


45 


64 


28 


102 


2 


27 


23 


38-9 


9-88462 


9-6476 


13 


36 


66 


5 


103 


66 


28 


25 


37-0 


9-88787 


9-6667 


11 


65 


67 


68 


106 


40 


28 


26 


43-2 


9-88805 


9-5677 


11 


49 


68 


6 


106 


45 


29 


27 


32-3 


9-89132 


9-5859 


10 


32 


70 


2 


107 


IS 


29 


27 


45-1 


9-89170 


9-6880 


10 


22 


70 


16 


107 


22 


30 


29 


36-5 


9-89531 


9-6070 


9 


2 


72 


30 


108 


44 


aillet 1 


31 


23-2 


9-89900 


9-6252 


7 


32 


74 


51 


109 


56 


1 


31 


35-6 


9-89944 


9-6273 


7 


18 


75 


9 


110 


2 


2 


33 


30-3 


9-90366 


9-6470 


6 


37 


77 


69 


111 


13 


3 


35 


11-7 


9-90762 


9-6640 


3 


51 


80 


43 


112 


14 


4 


37 


61 


9-91235 


9-6837 


1 


39 


84 


8 


113 


10 


4 


37 


14-7 


9-91271 


9-6852 


— 1 


28 


84 


26 


113 


11 


5 


38 


52-3 


9-91696 


9-7016 


+ 


44 


87 


40 


114 


1 


6 


40 


44-5 


9-92209 


9-7204 


3 


34 


91 


46 


114 


47 


14 


63 


6-7 


9-96283 


9-8381 


32 


4 


129 


27 


119 


3 


15 


64 


31-3 


9-96825 


9-8509 


35 


53 


134 


26 


119 


26 


17 


67 


10-5 


9-97893 


9-8746 


42 


61 


143 


37 


120 


7 


18 


58 


30-6 


9-98451 


9-8863 


46 


6 


148 


2 


120 


26 


19 


59 


44-1 


9-98978 


9-8969 


48 


56 


151 


67 


120 


43 


27 


+ 68 


48-7 


0-03303 


9-9733 


+ 63 


46 


175 


38 


122 


40 



En r^duisant k 1881 '5 les co-ordonn6es des ^toiles et des points pris dans Tatlas 
de Heis, on trouve les co-ordonn6es des points des queues a' et 8' et Ton calcule lea 
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"valeurs p ets (cette dernifere est corrig^e conformement aux remarques, qu'on trouve 
xlans Texpos^ des observations) et T — 





« 


i' 


S' 






P 




« 


T 


Jiun24 


83° 


63' 


+ 53° 


26' 


.^ 


6° 


10' 


6° 30* 


18° 49* 


25 


86 


44 


67 


66 


+ 





14 


4 29 


20 45 


25 


83 


16 


57 


56 




16 


5 


4 42 


42 21 


26 


86 


7 


61 


56 


___ 


6 


14 


4 53 


31 34 


27 


224 


35 


83 





+ 


8 


21 


35 13 


24 54 


27 


289 


31 


71 


9 




9 


9 


47 51 


44 12 


28 


90 


32 


78 


7 


+ 





49 


15 6 


35 50 


28 


90 


14 


66 


43 


+ 


6 


50 


5 30 


31 13 


29 


91 


56 


78 


7 


+ 





47 


12 31 


41 11 


29 


87 


13 


75 


35 




5 


57 


6 30 


52 42 


30 


92 


38 


78 


7 


~~m 





28 


11 1 


49 11 


aiUet 1 


96 


1 


78 


54 


+ 


1 


24 


6 50 


51 61 


1 


94 


69 


79 


40 







10 


5 30 


55 12 


2 


98 


35 


78 


25 


+ 


2 


3 


6 16 


67 57 


3 


106 





82 


3 




5 


51 


8 28 


57 26 


4 


106 


14 


79 


58 




7 


21 


6 30 


61 63 


i 


105 


40 


81 


28 




3 


46 


6 10 


69 17 


5 


109 


58 


81 


2 




8 


10 


6 30 


67 45 


6 


120 


24 


82 


48 




14 


37 


6 24 


64 17 


U 


154 


8 


83 


10 




43 


47 


3 


82 16 


16 


192 


3 


84 


3 




49 


65 


6 17 


80 22 


17 


192 


3 


83 


53 




62 


47 


5 43 


91 26 


18 


206 


28 


83 


21 




57 


54 


3 


90 14 


19 


206 


28 


83 


21 




68 


21 


5 4 


96 2 


37 


208 


7 


+ 81 


56 


+ 66 


38 


4 


118 6 




A I'aide des valeurs pr6c6dentes on calcule facilement les co-ordonn4es A et ^ pour 
<5haque observation. 

Pour rMuire les angles <^ k une mdme ^poque, on pent employer la formule de 
Bessel et en d^duire les valeurs des rMuctions ayant une exactitude tout k fait 
satisfaisante. 

On a — 

vu^ ^ = J 

et en posant — 
on obtient — 
d'oil— 

d^ = _ ^ COB^^ . F • Vf • sin V • dv 

cos'^ pent Stre regard^ comme constant dans les limites des reductions et on a, en 
integrant entre v et v^, oh v^ est Tanomalie de T^poque, 

l^ = \ CO8*0 . F . V^ (cos Vo — COB V) (1) 

et &^ exprim^ en minutes d'arc sera : 

J^ == _ cos*^ . F • Vi • sin i (Vo + t;) • sin (Vo — t>) : am 1' (2) 

Les signes des anomalies sont indiqu^s par la formule (1). 

On va voir que la queue principale de la comete 6 est du second type, et nous 
r^duirons ses ^ k T^poque du 27 Juin avec la valeur 1 — /x — 1. En d^signant ces 



taig^ = F . V£co8>H, 



8 
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angles r^uits par <^' nous aurons la table qui suit. Pour la construction graphique^ 
des co-ordonn^es admettons Tunite (distance Terre — Soleil) ^gale k 800 millimetres^ 



1881. 


f 






3^ 




*' 




A 


A emnilliiu 


Juia 24-J461 


+ 19' 


47' 




0' 23' 


+ 


19» 


24' 


0-0727 


68-2 


26-490 


24 


16 




13 




24 


3 


00695 


47-6 


20-490 


1 


13 




13 




1 





0-0364 


291 


26-490 


18 


11 




7 




18 


4 


0-0485 


88-8 


27-434 


32 


2 









32 


2 


0-2346 


187-7 


27-434 


10 


30 









10 


30 


0-2617 


209-4 


28-406 


23 


64 


-f 


■0 11 




24 


6 


0-1236 


98-9 


28-461 


29 


28 




7 




29 


36 


0-0692 


47-4 


29-376 


22 


42 




21 




23 


3 


0-1036 


82-9 


29-484 


10 


29 




17 




10 


46 


0-0437 


36-0 


30-437 


18 


47 




33 




19 


20 


0-0891 


71-3 


ttillet 1-364 


19 


40 




35 




20 


15 


0-0588 


47-0 


1-472 


16 


16 




34 




16 


50 


0-0466 


37-3 


2-490 


17 


29 




46 




18 


15 


00636 


42-9 


8-406 


21 


26 




1 6 




22 


31 


0-0744 


59-6 


4-461 


20 


13 




1 5 




21 


18 


0-0601 


40-1 


4-541 


12 


19 




1 14 




13 


33 


0-0538 


43-0 


5-461 


16 


59 




1 18 




18 


17 


00504 


40-3 


6-541 


24 


16 




1 21 




26 


37 


00627 


42-2 


14-461 


23 


49 




2 10 




25 


69 


0-0362 


29-0 


15-467 


28 


5 




2 49 




30 


64 


0-0666 


52-4 


17-434 


19 


6 




3 69 




23 


4 


00752 


60-2 


18-461 


22 


23 




2 42 




25 


5 


0-0403 


32-2 


19-426 


17 


20 




4 22 




21 


42 


0-0710 


66-8 


27-421 


+ 2 


38 


+ 


6 53 


+ 


9 


31 


0-0774 


61-9 


Pour la construction 


graphique de la 


parabole 


on a — 








V 




r 




r ©n milliiTi 








0° 


0' 




0-7345 






687-6 








10 







0-7401 






692-1 








20 







0-7573 






606-8 








23 


38-9 




0-7667 






613-2 








25 







0-7706 






616-5 








30 







0-7872 






629-8 








35 







0-8075 






6460 








40 







0-8318 






665-4 








45 







0-8605 






688-4 








60 







0-8942 






716-4 





Les points des queues d^termin^s par les co-ordonn^es pr^c^dentes sont port^ sur 
la planche I., fig. 2 (petits cercles). 

Calculous maintenant les positions des particules 6mises par le noyau et anim^es 
des forces de diif(6rentes valours, en d^ignant ces positions sur la planche par des 
petites croix. 

Pour la queue longue et droite, qui appartient ividemment au premier type 
(rhydrog^ne pur ?) la formule de Bessel est tout k fait satisfaisante, et Ton trouve, 
— avec I - ft = 12, log £ = 9-41091, f = 0-2576 = 206-1 millim. pour I'extr^mitd 
de Taxe de la queue, le 27 Juin, Tangle ^ = 11°. 47'. Ce (f> ne diflPbre que de 1°'3 
de (f> observe ; la diflKrence est insignifiante, tant plus que les particules k Textr^- 
mit^ doivent appartenir non k Taxe, mais au bord ant^rieur. Le temps d'^mission 
pour Textr^mit^ de cette queue est le 18 Juin. 
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Pour la queue plus courte et courb^e nous calculous premi^rement les positions 
des particules soumises ^ la force 1 — /x = 1, c'est ^ dire des particules qui se 
meuvent sur les taugentes k Torbite avec les vitesses du noyau aux moments 
d'^missions. 

Solent les anomalies du noyau aux moments de ces Amissions — 

Les temps correspondants k ces anomalies seront— 

Mj = Mai 27-775, Juin 4-781, Juin 11-903, Juin 16-442 

Et Ton trouve pour le temps d'observation (Juin 27*434) les co-ordonn6es 
suivantes — 





P 


A 


A en millim. 


42° 


36' 


0-2268 


181-4 


32 


26 


0-1335 


106-8 


22 


23 


0-0649 


61-9 


16 


60 


0-0323 


25-8 



Ces points se trouvent sur la courbe d^sign^e sur la planche par 1 — /x = 1. On 
voit que la plupart des points observes s'accordent avec la position de cet axe de la 
qiLeiie calcuUe. Mais il y a des points, qui pr^sentent une deviation tr^s sensible 
et dont les particules ont ^t6 mues, par consequent, par des forces plus grandes. 

Calculous les positions des particules 6mises par le noyau le 4*781 Juin, quand, 
son anomalie 6tait ^gale k — 25°, et mues par les forces 1 — /x = 2*6 et 1 — /x = 20, 
que nous avont trouv^es dans les comfetes de 1744 et de 1858 V. 

En employant les formulas exactes du mouvement hyperbolique on trouve pour 
notre ^poque, c'est ^ dire pour le 27434 Juin (voir Copernicus, No. 6) — 

M^ 1 — /I log P log E F 

Juin 4-J781 2-6 9-9629029 0-3438620 49° 57' 42''-4 

4-781 2-0 01670236 0-4678854 44 42 7-4 : 

D'oil Ton obtient — 

1 — /I A A en TniHiTn, 

2-6 33° 52' 0-3232 258-6 

20 33 39 0-2544 2035 

Ces points se trouvent sur la planche sur les axes courbes, d&ign6s par 1 — ft =2*6 
et 1 - /x = 20. 

On voit, que Tobservation de M. Tempel, qui se rapporte ^ la queue courb^e, est 
parfaitement repr&ent^e par la force 1 — /x = 2, et nous venous ^ la conclusion, 
que la queue du II type (le carbone, Tazote, les hydrocarbures) de la com&te h ^tait 
riche en mati^res comme les queues analogues des com^tes de 1744 et de 1858 Y, 
et qu*elle consistait en plusieurs conoides. Cest pourquoi la divergence de ses 
bords — abstraction faite de Tinfluence de la perspective— ^tait trfes considerable. 
On pent dire en g^n^ral que cette com^te appartient par ses propri^tfe physiques k 
une m6me famille avec les comfetes de 1744 et de 1858 V. 

D'apr^s mes mesures, le 1 Juillet, I'c^tendue de la n^bulosite vers le soleil ^tait 
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^gale k 85'', ou en mesure lin^aiie c = 0*000i74, et comme vers ce temps le I type 
n'existait plus, on a k Taide de la formule gr' = 2 (1 — ft) € : r' — en posant 
1 — ft = 1'5 (moyenne del --/x=letl — /x = 2) — ^la valeur bien connuegf = 0'03. 

J'ai dit d6jk plusieurs fois, qu'il est difficile de pr^ciser la valeur de gr, mais on la 
trouve toujours comprise pour le second type dans des limites trfes ^troites, pr^ de 
0*03. Pour le premier type nous Tavons trouv^e ^gale k 015. 

Par rapport aux diff^rents dessins de la comete faits en Juin il faut remarquer, 
que la queue ^tait alors dirig^e vers la Terre et que les jets d'^mission ont dd se 
presenter sous cette forme polyp^talee dont les parties paraissent se diriger dans 
tons les sens, vers le soleil et k Topposite de cet astre. 

Dans la queue de la comete 6, compos^e de plusieurs conoides, diversement 
d6clin6s du rayon vecteur, I'espace obscur derri^re le noyau (ou le creux des 
conoides) a dd 3tre estomp^ k une certaine distance de la tete, ce qu'on a en effet 
observe dans cette comfete. Mais dans le voisinage du noyau — et ce noyau 
pr^sentait une condensation prononc^e — rl'espace obscur se voit dans plusieurs 
dessins et descriptions de la comete. Dans les observations de M. Konkoly (The 
Observatory, No. 53, pp. 258-259), parexemple, nous lisons les remarquessuivantes: 
" June 24 . . . It must be noted that the nucleus was situated just on the summit 
of the dark cone which divided the tail in two parts, and that it was strictly limited 
on this point . . . June 25 . . . the summit of the dark cone being situated to-day 
at a much greater distance from it than was the case yesterday . . . June 26 . . the 
dark cone, too, in the tail can but faintly be recognised to-day." 

II est int^ressant maintenant de voir quelle <5tait la queue avant le p^rih^lie. 
Quelques positions de cet appendice sont denudes par M. Eddie (Graham's Town, 
Cape; 1^ 45°* k TEst de Greenwich) et par M. Markwick (Pretoria, Transvaal, 
Africa; l"* 55°* d TEst de Greenwich). 

Ces observations se trouvent dans les Monthly Notices R.A.S. (1881, No. 9, 
pp. 435-439). H faut noter avant tout, que dans Th^misphfere austral on n'a 
commence k voir la queue k Toeil nu que vers le 23 Mai, mais d^s le 4 Juin elle 
4tait d6j^ tr^s affaiblie par la Lune, et apr&s le 9 Juin la comete ne se voyait que 
pr^s de Fhorizon. 

Dans Fobservation de M. Eddie on lit: " Mai 31, 6^ 15" (4** 30" t. m. de Greenwich). 
The tail had also increased in length and visibility, and could be traced to about 
12 or 13 degrees from the nucleus. It extended to 2 or 3 degrees beyond o 
Columbse, which star it grazed with its upper edge . . . June 3, 6* 40" (4** 55" 
t. m. de Greenwich). Tail could still be traced to o Columbse, which star it grazed 
with its lower edge." La premiere observation est tout h. fait identique avec cella 
de M. Markwick *' May 31, 6** 30" (4^ 35" t. m. de Gr.) The upper edge of the 
tail passed just over o ColumbaB." 

D'aprfes ces observations on voit que Faxe de la queue passait par o Columbse le 
1 Juin, ^ 16' 44- t. m. de Gr. (Juin 1-697). 
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Pour ce temps les co-ordonn^es du noyau sont (voir les observations de M. Ellery ; 
ibid., pp. 432, 433)— 

Asc. dr. 5»» 3« 57', D6cl. - 28^ 8'-8 

les co-ordonn6es du soleil — 

Aflc. dr. 4'* 40» 62\ D^L + 22° 12''4 

^t celle de T^toile pour 188 1*4 — 

Abc. dr. 5»» 13- 12% Decl. - 35° 0'-7 



On a ensuite — 



I? = - 31° 2'-9 p"* = 175° 5' 

log r = 9-89827 p = 164 35 



log p ^ 9-6371 « =z 6 49 

A cet 8 calcuU h, Taide de o ColumbaB il faut ajouter, conformement k Tobservation, 
3^ ei Ton a 5 = 9^-8. Puis on calcule — 

P = 17° 32'-0 d'oil log A == 8-8856 
^ = 56 55-0 A = 0-0768 

^ = 96 2-0 ^ = + 15°-5 

On voit d'apres ces co-ordonn^es, que la queue appartient au second type. 

Mais il y a quelques indications, qui font croire, que dans des circonstances 
exceptionnellement favorables la queue du premier type se laissait aussi apercevoir 
avant le p^rih^lie. Ainsi M. Eddie, en parlant de la com^te, fait la remarque 
suivante : (ibidem) : "Last evening. May 27, I discerned a large comet about 10° 
or 12° above the south-western horizon . . . Mrs. Eddie saw what she considered 
to be a comet with two tails on Thursday (le 26 Mai) evening. This may probably 
have been the same. ..." 

M. Markwick a remarqu^ un chaogement dans la direction de la queue, qui 
n'est pas en accord avec Tobservation ult^rieure de M. Eddie. "June 1, 6** 10°* 
(4'' 15" t.m. de Gr.) The direction of the tail was from this point (il indique ici la 
position du noyau) towards C Pictoris, the direction having apparently changed 
since last night " (ibid., p. 439). Et nous avons vu que pour M. Eddie, le 3 Juin, 
la queue passait encore par o ColumbdB. 

Pour ce temps, Juin 1*177, on a les co-ordonndes du noyau — 



Asc. dr. 5" 3-39', 


D6cl. _ 28° 43'-3 


les co-ordonn^es du soleil — 




Asc. dr. 4" 38- 46', 


D&L + 22° 8'-4 


et celles de I'^toile pour 1881-4 — 




Asc dr. 6" 16" 32*, 


DdcL _ 50° 44'-l 


Puis on a — 




« = _ 32° 2'-2 
log r = 9-90037 
log p = 9-6368 


p" = 172" 36' 
P = 174 35 
« = 22 3 
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Get s donne la distance angulaire entre le noyau et T^toile, mais la longueur do 
la queue ne surpassait pas 10^, done s est 10^ 
Enfin Ton calcule— 

F = 78*^ 55'-7 d'oiH log A = 8-8689 
^ = 56 44-3 A == 0-0739 

T = 81 28 ^ = — 3*-6 

La queue serait done en avant du prolongement du rayon vecteur. En supposant 
une erreur assez sensible dans la direction de la queue, causae par la distance 
considerable de T^toile de comparaison (22°), on doit admettre n^nmoins, que pour 
M. Markwick, le 1 Juin, la queue 6tait moins d^vi^e du rayon vecteur que le 31 
Mai et le 3 Juin. Cela s'explique simplement par la visibility de la branche du I 
type, qui k la distance de 10° du noyau ne se s^parait pas de Tautre branche, mais 
rendait la queue plus large et changeait par consequent la direction de Taxe de sa 
figure totale. 

2. Comdte c 1881. 

Observations de M. Bruhns : — 

AoAt 12, 12^7. Pour I'axe de la queue ascension droite 120** 0°, d^clinaison 
-h 54° 48'. 

AoAt 14, 7^-2. Pour Tangle de position 56 Lyncis, 122** 11', + 58** 11' ; « calculi 
h, Taide de T^toile doit 6tre diminu^ de 1**. 

AoAt 15, 11^-?. Pour Taxe de la queue 132** 6', + 54^ 42'. 

AoAt 16, 11^^-2. Pour Tangle de position 35 Ursce majoris, 136** 16', 57** 19'; s 
diminu^ de 1** 4'. 

AoAt 17, 7'^-5. Position de la queue 140** 0', + 60** 24'. 

AoAt 18, 7^-0. 73 Ursae majoris, 147** 28', + 57** 30' ; s diminu6 de r-6. A 
droite de la queue il parait exister une autre queue, qui ^ partir du noyau se dirige 
vers (f> UrssB majoris. La partie inf^rieure de la queue est incontestablement ^largie 
sous forme d'^ventail. 

AoM 19, 7'*-0. UrssB majoris ^(85 + 94), 154^ 26', + 54** 23'. 

AoAt 21, 7^^ 0. Urs8B majoris 136, 167^ 8', + 50** 16'. 

AoAt 22, T"?. Ursae majoris 4(161 + x), 173** 39', + 48** 6'. 

AoAt 23, 7^0. Pour la d^clinaison 185 Ursaa majoris, Tascension droite doit 
etre diminu^e de 41', 178** 40', + 43** 51'. II parait comme si la seconde queue 
^tait visible. 

AoAt 24, 7^0. D^clinaison de 11 Canum Venaticorum ; Tascension droite de 
T^toile doit 6tre diminu^e de 24', 184** 43', + 42** 10'. 

AoAt 25, 7?*5. La carte donne pour la position de la queue 190** 0', + 39"* 18'. 

AoAt 26, 6*^-7. La carte donne : 191** 50', + 34** 19'. 

AoAt 27, 6^-7. L'ascension droite de 71 Canum V')nati orum ; la d^clinaison de 
T^toile doit 6tre diminu^e de 35', 204** 4', + 35** 9'. 
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AoAt 28, e'^'S. L'ascension droite de 69 Canum; la d^clinaison de T^toile 
diminu^e de 35', 203° 29', + 28° 14'. 

AoAt 29, ff"'?. Pour la position de la queue 6 Bootis, 203° 33', + 23° 17' ; « 
calculi doit 6tre diminu^e de 1°. Brouillard ; com^te pr6s de rhorizon. 

AoAt 30, 6^ '7. Uascension droite de 5 Bootis, la d^clinaison de T^toile doit etre 
diminu^e de 1°'6, 203^ 26', + 19° 5'. Brouillard ; comfete pr6s de rhorizon. 

M. Kapteyn donne la position suivante de la queue pour le 22 AoAt, 9^1 : " Mit 
Kometensucher (10 f. Vergrosserung) der Schweif ganz gerade und gerichtet nach 
^inem Punkte auf f der Distanz Mizar — Alcor von x Ursge majoris, an der vorange- 
henden Seite dieses Stems." D'apres cette donn^e on a pour la position de la queue 
ia d^clinaison de x Ursae majoris, Tascension dr. de I'^toile doit Stre diminu^e de 
14', 174° 22', + 48° 34'. 

Observations de Th. Bredichin : — 

AoAt 15, 7^-5. Pour la position de laqueue 11 Ursae majoris, 127°27', + 59° 35'. 

AoAt 16, 6''-9. Ursae majoris ^(26 + 31), 134° 16', + 59° 49'. 

AoAt 17, 8''-2. La carte de Heis donne : 142° 8', + 57° 47'. 

AoAt 19, 7'*'8. La carte donne : 153° 37', + 54° 56'. 

AoAt 20, 7'' -2. La queue passe pr^s des ^toiles 112 et 113 Ursae majoris ; Tangle 
^e position 2?, calculi k I'aide de la moyenne de ces ^toiles (161° 5', + 54° 20'), doit 
6tre augments de 2° 

AoAt 22, 7'''5, Pour la position de la queue on a 161 Ursae majoris, 172° 42', 
+ 47° 38'. 

AoAt 26, 6^*5. La queue passe pr^s de T^toile 41 Canum Venaticorum, mais son 
angle de position est de 3°*5 plus fort que cet angle calculi pour Tfetoile. 

Phases de la Lune : AoAt 9 — pleine Lune; AoAt 16 — dernier quartier; Aoiit 
24 — nouvelle Lune ; Septembre 1 — premier quartier. 

D'apres mes notes et les notes de M. Bruhns la queue ^tait toujours presque 
droite; sa partie ant^rieure — ^plus claire et bien d^finie; la partie post^rieure 
beaucoup plus faible et d^grad^e. La tSte de la com^te ^tait grande et allong^e 
dans la direction de Torbite, comme le montrent les dessins de M. Tempel, qui seront 
publics dans les Annales de notre observatoire (Vol. VIII, livr. 1). 

Is secteur d'effluves 6tait peu d^velopp^, et au milieu de la queue M. Tempel a vu, 
les demiers jours, une raie claire, dont il parle ainsi : " Sonderbar war die helle 
Linie mitten im Schweife, gegen 2' breit, die nicht vom Kerne unmittelbar ausging? 
sondern erst nach der runden Umhtillung des Kopfes anfing." 

Cette raie claire, ou plut6t ces raies claires, ne se distinguent pas malheureuse- 
ment dans I'int^rieur de la t6te, et on n'y voit pas le mode de leur liaison avec le 
noyau et avec le secteur lumineux des effluves. Selon toute probability la raie 
provenait de I'effluve de la mati^re dirig^ d'abord vers le soleil et puis r^courb^ en 
.arri^re. 

L'existence d'une raie pareille pendant un certain temps a 6t6 remarqu^e dans la 
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comete de 1861 II et mes observations (Annales; Vol. VII, 2; p. 106) et plus- 
encore les observations de M. Schmidt nous montrent, qu'elle ne provenait pas 
dii'ectement du noyau, mais qu'elle 6tait li^e avec Teffluve. Je saisis Toccasion de 
r^p^ter ici les remarques importantes du c^l^bre observateur d'Ath^nes : " Wenn 
man davon spricht, dass an der Stelle der dunklen Linie im Donati-Cometen bei dem. 
jetzigen eine helle Linie erschienen sei, so ist das hocfist irrig^ und wird bleibend 
unserer AuflEassung von dem Baue dieser Korper schaden. Die jetzige helle 
Mittellinie im Schweif e war nur die eine helle Seite des innern Conoids " (Schmidt^. 
Astronomische Beobachtungen iiber Cometen ; pp. 78-79, Tafel II. fig. 5 Juli 1). . . . 
* Heute (Juli 8) zeigte sich (am Sucher) sehr deutlich wieder die helle Mittellinie 
im untern Theile des Schweifes . . . Ich hehe ausdrucldich hervor, dass jetzt wie 
Juli 1 diese Mittelzone gcur nicht mit dem Kerne direct, sondern mit der LichtstrcK 
mung des Kerns zusammenhing, welche an der (im Femrohre) rechten Seite den 
Anfang des innern Paraboloids bildete." 

La partie ant^rieure de la queue pour M. Tempel ^tait aussi plus claire que la 
partie post^rieure : '' Auffallend war femer die scharfe vorangehende (sudliche) 
Seite des Schweifes, wahrend die nachfolgende sehr verwaschen war. Am 26 
August, bei schonem Himmel, war diese sudliche Partie des Himmels so rein und 
dunkel und tratgegen die scharf begrenzte Seite des Schweifes so auffallend hervor^ 
dass es schien, als wurfe der Schweif Schatten vor sich her." 

II est inl^ressant de noter la remarque de M. Rand Capron sur la couleur de la 
comete (Nature ; No. 617, p. 380) : " August 21. The nucleus and star appeared 
of about the same intensity, but the yellow tint of the latter was strongly con- 
trasted with the almost intense gas blue tint of the former,'* 

L'existence de la seconde queue plus courte, plus large et plus d^clin^e du rayon 
vecteur se confirme par les raies claires (dessin de M. Tempel, aoAt 29) d^vi^es un 
pen de la raie centrale de la queue principale, et par la note, qu'on trouve dans 
FEnglish Mechanic, No 857 : '' the tail resembles a slightly opened fan." 

La partie centrale de la t6te de la comete c dtait beaucoup plus petite et moins 
dense que celle de la comete 6. La plupart des notes de divers observateurs se 
r^sument pour ainsi dire dans la remarque de M. Edward B. Kirk (The Observatory^ 
1881, No. 54, p. 300) : ''I think, at least, that to any observer it will be evident 
that there is no solid nucleus in Schaberle's comet, or at least that we do not see 
it." Cette opinion est confirmee par la conclusion, h, laquelle est amend M. Thollon 
(Comptes Rendus de Paris, 1881, 22 AoAt, p. 383) : "La comete c a donnd comme 
la prdcddente (6) un spectre de bandes correspondant exactement k celle du carbone. 
Ces bandes, au nombre de trois, tr^s nettes et tr^s brillantes, ddgraddes, comme 
toujours, du c6td du violet, dtaient sdpardes par des intervalles tout k fait obscurs 
et c'est dans la nuit demifere, 21 AoAt seulement, que j'ai pu apercevoir de faiblea 
traces d'un spectre continu. On se souvient que la comete b oflBrait un caract^re 
tout difF(^rent. Dans cette derniere, le spectre continu dominait de telle sorte que,. 
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jusqu'k la fin de Jiiin, il masquait presque enti^rement le spectre de bandes. On 
Voit que cette demifere (c) est presque entidrement form^e d'^l^ments gazeux." 

On comprend ais^ment qu'une pareille constitution ne pent pas rester saus 
influence sur la figure de la racine de la queue. Le creux du conoide, ou I'espace 
obscur derrifere le noyau depend essentiellement de ce que la partie du noyau 
d^toumde du Soleil n'est pas expos^e directement k Taction de ses rayons. Pour 
un amas de grains, de gaz et de particules assez d^sagr^g^es la queue se composcra 
plus ou moins de filaments s^par^s, et le creux du conoide total en sera plus ou 
moins rempli en voisinage m6me du centre de la tete. Les effluves vers le Soleil 
n'auront ni T^tendue, niles formes caract^ristiques de ces jets qui se d^veloppent sur 
un noyau plus dense, du c6t^ du Soleil. 

Ties 616ments de Torbite de la com^te c {Ilepperger. Astr, Nachr. No. 2390) sont : 

T ^ 1881, aoiit 227368 t. m. de Greenwich. 

a = 96 26-3 1 ^q- n^- 19 aoat 
% = 139 50-3 
Ig. y = 9-80018 
Ig. m == 0*25986 

La Terre a pass^ par le plan de Torbite le 27 Juin. Avec c = 23° 27' '2, on trouve — 

A = 30^ r-9 D = — 42« 14'-6 

Pour calculer les positions du noyau on a — 

X = r . (9-88616) sin (113° 46'-9 + v) 
y = r . (9-96793) sin (223 14-1 + v) 
z = r . (9-86939) sin (164 28-4 + v) 

Ces positions et les positions du soleil a et d pour les moments d'observations 
sont — 



1881, t m. de Or. 




a 


i 


1 


i 


s 


d 


[ 


Aoftt 12-530 


122° 


19'-8 


+ 52° 


29'-0 


142° 


46'-0 


+ 14° 


42'-4 


14-300 


129 


19-7 


62 


48-7 


144 


26-0 


14 


9-8 


16-313 


133 


561 


52 


46-1 


146 


22-8 


13 


60-8 


15-490 


134 


40-1 


52 


43-2 


146 


32-8 


13 


47-4 


16-288 


138 


36-7 


62 


28-0 


146 


17-5 


13 


32-2 


16-467 


139 


23-8 


62 


23-7 


146 


27-8 


13 


28-7 


17-313 


143 


42-4 


61 


57-3 


147 


15-0 


13 


12-5 


17-342 


143 


58-0 


51 


51-6 


147 


16-5 


13 


120 


18-291 


148 


520 


51 


1-8 


148 


9-5 


12 


53-6 


19-291 


164 


16-0 


49 


47-3 


149 


8-3 


12 


33-8 


19-325 


154 


331 


49 


42-2 


149 


7-0 


12 


33-2 


20-300 


159 


47-8 


48 


6-2 


150 


1-6 


12 


13-8 


21-291 


164 


53-7 


46 


9-0 


150 


56-6 


11 


64-0 


22-313 


170 


3-7 


43 


41-9 


151 


63-0 


11 


33-3 


22-321 


170 


5-4 


43 


41-4 


161 


63-8 


11 


33-2 


22-380 


170 


23-2 


43 


39-9 


151 


66-8 


11 


31-9 


23-291 


174 


42-4 


41 


2-2 


152 


47-0 


11 


13-3 


24-291 


179 


7-3 


38 


1-7 


163 


42-3 


10 


52-8 


26-313 


183 


15-6 


34 


44-2 


164 


38-6 


10 


31-6 


26-271 


186 


47-3 


31 


30-5 


165 


310 


10 


11-6 


26-280 


186 


48-8 


31 


29-1 


165 


31-5 


10 


11-3 


27-280 


190 


8-0 


28 


3-7 


156 


26-3 


9 


60-3 


28-270 


193 


4-8 


24 


40-7 


167 


20-8 


9 


29-2 


29-280 


194 


44-8 


23 


70 


168 


16-0 


9 


7-6 


30-280 


198 


9-2 


+ 18 


3-3 


169 


10-6 


+ 8 


46-1 
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Puis on a pour les mSmes moments — 





' 


u 


Ig. r 


k'P 


/ 


> 


P 




S 


Ao6t 12 


— 27° 


23'-2 


9-82522 


9-91487 


_ 30° 


64' 


242° 


29' 


66" 


34'- 


14 


22 


55-4 


9-81768 


9-88533 


22 


64 


246 


55 


62 


33 


16 


20 


12-4 


9-81376 


9-86806 


17 


28 


249 


43 


49 


89 


15 


19 


50-4 


9-81326 


9-86563 


16 


37 


260 


10 


49 


36 


16 


17 


38-6 


9-81052 


9-85221 


11 


49 


262 


24 


47 


25- 


16 


17 


16-9 


9-81008 


9-84983 


10 


63 


252 


49 


46 


57 


17 


16 


0-2 


9-80764 


9-83657 


6 


31 


266 


2 


44 


33 


17 


14 


49-7 


9-80748 


9-83567 


_ 6 


9 


255 


11 


44 


25 


18 


12 


21-8 


9-80524 


9-82199 


+ 1 


7 


257 


22 


41 


38 


19 


9 


381 


9-80326 


9-80820 


8 


18 


259 


15 


38 


32 


19 


9 


26-4 


9-80312 


9-80733 


8 


46 


269 


20 


38 


22 


20 


6 


46-4 


9-80170 


9-79537 


16 


4 


260 


23 


35 


15 


21 


4 


7-1 


9-80074 


9-78530 


23 


32 


260 


21 


32 


10- 


22 


1 


13-8 


9-80024 


9-77647 


31 


37 


258 


46 


28 


58 


22 


1 


12-5 


9-80023 


9-77667 


31 


38 


258 


46 


28 


57 


22 


— 1 


5-7 


9-80022 


9-77620 


31 


66 


258 


42 


28 


48 


23 


+ 1 


26-2 


9-80024 


9-77091 


39 


6 


265 


30 


26 


14 


24 


4 


12-8 


9-80076 


9-76759 


46 


40 


260 


1 


23 


5^ 


25 


7 


2-3 


9-80182 


9-76706 


54 


2 


242 


9 


22 


8- 


26 


9 


43-5 


9-80330 


9-76922 


60 


38 


233 


16 


21 


22 


26 


9 


44-9 


9-80334 


9-76923 


60 


38 


233 


13 


21 


22 


27 


12 


26-6 


9-80530 


9-77413 


66 


45 


223 


27 


21 


29 


28 


16 


6-9 


9-80774 


9-78144 


72 


14 


214 


24 


22 


28 


29 


15 


47-5 


9-80846 


9-78728 


74 


14 


209 


69 


22 


58 


AofttSO 


+ 20 


25-2 


9-81406 


9-80260 


+ 81 


28 


200 


11 


26 


14 



En r^duisant h, 1881*7 les co-ordonn^es des ^toiles at des points pris dans I'atlas 
de Heis, on trouve les co-ordonn^es des points de la queue a' et 8' et on caJcule les 
valours jp, s (ces valours sont corrig^es conformement aux remarques qu'ont trouve 
dans I'expos^ des observations) et T — 





a 


' 


ff 




P 


Ao&t 12 


120° 


32' 


+ 54° 


44' 


— 24° 38' 


14 


122 


43 


58 


7 


32 37 


15 


128 





59 


30 


23 40 


16 


132 


37 


54 


37 


31 47 


16 


134 


47 


59 


43 


14 49 


16 


136 


47 


67 


13 


16 18 


17 


140 


30 


60 


17 


10 43 


17 


142 


37 


57 


40 


7 7 


18 


147 


56 


57 


22 


_ 4 38 


19 


154 


53 


64 


15 


+ 4 44 


19 


164 


3 


64 


48 


_ 3 14 


20 


161 


29 


54 


12 


+ 6 12 


21 


167 


31 


50 


8 


22 41 


22 


173 


4 


47 


29 


26 48 


22 


174 


1 


47 


57 


31 20 


22 


174 


43 


48 


25 


30 48 


23 


179 





43 


42 


48 32 


24 


185 


3 


42 


1 


46 54 


25 


190 


19 


39 


9 


49 48 


26 


195 


4 


36 


26 


64 37 


26 


192 


9 


34 


10 


67 39 


27 


204 


22 


35 


1 


56 34 


28 


203 


47 


28 


6 


68 4 


29 


203 


51 


23 


9 


87 68 


Aoiit 30 


203 


44 


+ 18 


57 


+ 79 29 



2« 30' 



5 


29 


7 


30 


2 


15 


7 


34 


3 


40 


8 


34 


6 


61 


6 


15 


4 


29 


6 


6 


11 


38 


4 


21 


4 


21 


6 


4 


5 


38 


4 


9 


6 


2 


7 


9 


8 


29 


6 


13 


13 


58 


10 


10 


7 


24 


6 


22 



85° 


39' 


102 


12 


94 


1 


103 


40 


86 


58 


89 


3 


86 


60 


82 


31 


82 


67 


78 





84 


9 


80 


25 


71 


25 


71 


10 


69 


29 


69 


46 


66 


17 


67 


51 


68 


20 


68 


39 


68 


41 


69 


2 


71 


1 


77 


21 


75 


53 
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A Taide des valeurs pr^c^dentes on calcule facileineut les co-ordonn^es A et ^ pour 
chaque observation. La queue de la com^te c ^tant du premier type, nous 
r^uirons ses (f> k T^poque du p^rih^lie, quand v^ = 0° — avec la valeur 1 — /x = 12, 
et en d^signant ces angles rMuits par ^' nous aurons la table qui suit. L'unit^ est 
^gale k 800 millimetres — 



1881. 




♦ 




3^ 




f 




A 


A en mQlim. 


Aoftt 12-530 


1. 


11* 


20' 


+ O" 17' 


^^ 


ll" 


3' 


0-0359 


28-7 


14-300 


+ 18 


27 


16 


+ 


18 


43 


0-0770 


61-6 


15-313 




9 


37 


15 




9 


62 


0-0983 


78-6 


16-490 




23 


3 


7 




23 


10 


00300 


24-0 


16-288 




4 


24 


12 




4 


36 


00940 


75-2 


16-467 




7 


63 


8 




8 


1 


00453 


36-2 


17-313 




7 


12 


9 




7 


21 


01026 


82-1 


17-342 




2 


42 


7 




2 


49 


0-0698 


55-8 


18-291 




7 


29 


6 




7 


34 


0-0608 


48-6 


19-291 




4 


19 


3 




4 


22 


0-0507 


40-6 


19-325 




14 


45 


2 




14 


47 


0-0582 


46-6 


20-300 




11 


28 


2 




11 


30 


0-1260 


100-8 


21-291 







54 










54 


0-0477 


38-2 


22-313 




4 


63 







4 


63 


0-0468 


37-4 


22-321 







18 










18 


0-0548 


43-8 


22-380 


+ 


1 


8 





+ 


1 


8 


0-0605 


48-4 


23-291 




8 


57 







8 


57 


0-0453 


36-2 


24-291 


^^ 





14 


1 


.. 





13 


0-0641 


61-3 


25-313 


+ 


3 


57 


2 


+ 


3 


59 


0-0752 


60-2 


26-271 




5 


35 


3 




5 


38 


0-0889 


71-1 


26-280 




2 


47 


3 




2 


50 


0-0556 


44-5 


27-280 




9 


36 


7 




9 


43 


0-1446 


115-7 


28-270 


+ 


4 


3 


9 


+ 


4- 


12 


0-1080 


86-4 


29-280 




12 


26 


8 




12 


18 


0-0793 


63-4 


30-280 


+ 


2 


5 


+ 13 


+ 


2 


18 


0-0601 


48-1 



Les points d^termin^s par ces co-ordonn^es sont port^s sur la planche (petits 
cercles). Avec la valeur I — /x = 12, on trouve pour I'axe de la queue, k la 
distance du noyau A = G'15, <^ = 10° 38'. Ce point est d^sign^ sur la planche par 
une petite croix et par Tinscription 1 — ft = 12. Les bords ant^rieurs et post^rieurs 
sont calculus k Taide de gf = 0*15 et G = + 90°, pour A --= 0*15, et on a trouv^ 
t^ = 4° 50' et <^ = 16° 5'. 

II est Evident que la queue appartient au premier type. 

Calculous maintenant pour le temps de T^poque les positions des particules 
^mises par le noyau et anim^es de la force 1 — /x = 1, en d^signant ces positions 
sur la planche par des petites croix. 

Soient les anomalies du noyau aux moments de ces Amissions — 
v=. -46° -55° —65° 

Les temps correspondants k ces anomalies seront Mi = AoAt 4 683, Juillet 30*336 
Juillet 23918, et Ton trouve pour le temps de F^poque, aoAt 22737, quand 
Tanomalie du noyau est 0°, les co-ordonn^es suivantes — 

f A A en millim. 

30^ 2^ 0-1010 80-8 
37 22 0-1540 123-2 
44 29 0-2209 176-8 
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Ces points se trouvent sur I'axe de la queue du second type, d^signd par rinscrip- 
tion 1 — /x = 1. 

La direction de cet axe par rapport h, Taxe de la queue principale est pr^cis^ment 
]a mSine, dans laquelle M. Bruhns a cru voir la seconde queue, plus courte et plus 
faible. 

Les particules qui se trouvent k Pextr^rait^ de la queue (principale) le 22*7 aoAt, 
se sont d^tach^es du noyau le 1 7 aoAt. 

L'fecart de la position de la queue observde le 29 aoAt et vue sur la planche i 
gauche du bord ant(5rieur calcul(5 de la queue, s'explique simplement par le mauvais 
temps et la proximity de la comete de Thorizon (voir Texpos^ des observations de 
M. Bruhns). 

Dans les dessins de M. Tenipel (aoAt 26, 29 et 30) on voit que les raies claires du 
milieu de la queue s'affaiblissent pr^s de Tatmosphfere de la comete et ne se 
discfement pas dans son int^rieur. Pent etre que la lumi^re de leurs particules, dont 
la portion principale provient du soleil, est un peu absorb(5e dans son trajet vers ces 
particules par la partie relativement plus dense de la t6te. 

La queue de la comfete c par ses positions par rapport au soleil et surtout par les 
positions de sa figure par rapport aux observateurs, ressemble beaucoup h, la queue 
de la comete de 1858 V, et ces appendices pr^sentent une grande diflKrence et en 
meme temps une analogie remarquable. La comfete Donati a d^velopp^ une queue 
immense du second type, tr^s courb^e et riche en matiferes, anim^es de diflKrentes 
forces r^pulsives entre l--/x = l et 1— ft = 2*4. De son bord ant^rieur se 
d^tachait une autre queue, presque rectiligne et tres faible, soumise i une grande 
force repulsive. Dans la comete c, au contraire, la queue rectiligne faisait sa partie 
principale ; la queue courb^e da second type ^tait h. peine perceptible et n'^tait pas 
sortie, pour ainsi dire, de son ^tat rudimentaire. 

On doit admettre, que les substances constituantes sont les memes dans ces deux 
com^tes, mais que leur quantity relative est difiiSrente. 

La comete c peut 6tre inscrite dans cette famille de cometes, h laquelle 
appartiennent la comete de Halley, la comete de 1861 IT etc. .... 

Th. Bredichin. 

Moscou, novembre 1881. 

N.B, — L'existence de la seconde queue dans la comete c est maintenant mise hors 
de doute par le dessin de cette comete fait k Forest Lodge, Maresfield, par M. le 
Capitaine W. Noble (Monthly Notices of the R.A.S. Vol, XLII. No. 1, November, 
1881. Physical observations of Schaberle's Comet). Le dessin est accompagn^ de 
la note suivante : '* My sketch of this comet represents it as viewed in afield-glass, 
magnifying 4 diameters, on August 24, from 9^ to 10*" L.M.T. I drew it for the 
strange, faint second tail, or bifurcation of the first one." 

Sur ce dessin la queue principale est ^troite, rectiligne et claire ; la seconde queue 
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est plus courte, plus large et beaucoup plus faible. II est tres important pour 
nous, que la position de cet appendice secondaire, par rapport k la queue principale, 
et sa courbure s'accordent avec la direction de I'axe calculi de la queue du second 
type, qui est design^ sur la planche par Tinscription 1 — /t = 1. 

Br. 
Dec. 20, 1881. 

We are indebted to Captain Noble for the sketch of Comet c, reproduced on Plate II. — Ed. 
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1881. 


M.Z. Dresden 


o'-a 


a' -a 


aapp. 


l.f.p. 


I app. 


l.f.p. 


Vergl. 


• 


Dec. 16, 
« 18, 
» 18. 


9" 13- 29- 

9 36 26 

11 20 6 


+3- 42'-67 
— 1 29-71 
-1 31-31 


+ 2' 29'-9 
+ 2 35-2 
_ 1 57-9 


23" 38-30^10 
23 37 26-39 
23 37 23-79 


9-549 
9-577 
9-650 


+36''6'44'-8 
+34 7 3-4 
+ 34 2 30-3 


0-536 
0-600 
0-725 


12:7 
14:7 
18:9 


a 
b 
b 



Mittlere Oerter der Vergleichssteme fur 1881'0. 



a 23»» 34- 33-46 + 0-04 

b 23 38 51-12 + 0-04 



+ 36° W 36^-0 
+ 34 3 49-9 



+ (r-5 Weisse 23^ 734-5 

+ 0-5 — - 816 



Eine rohe Vergleichung mit der Ephemeride des Herrn Dr. Falisa ergab 
(B.-R):— 



Dec. 16 


+ 3* 


+ 0'-5 


18 


+ 2 


+ 0-4 


18 


+ 3 


+ 0-4 



Am 16*^ December stand der Comet zwischen mehreren Sternen 11 und 12 
Grosse. Am 18*** stand der Comet ganz nahe an dem Stem 7 mag., D.M. + 34°-4763. 
An beiden Abenden war das Wetter stUrmisch nnd nebelig ; der Comet war sehr 
schlecht zu sehen. Die Beobachtungen wurden mit dem 12 zolligen Aequatoreal 
und Fadenmicrometer angestellt. 

B. VON Engelhardt. 
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ELEMENTS OF COMET g 1881 (Swift). 

Dun Echt Circulars, Nos. 43 and 44, contain the following : — 
Writing from Wahring on Dec. 14, 1881, Mons. J. Palisa sends the following 
elements of Comet g 1881 (Swift) — 



T c= 1881, November 20-0359 Berlin M. T. 
T = 299^ 25' 25" ) 

ft = 181 21 41 V Mean Equinox 1881*0 
t = 144 48 6 j 
log q = 0-284788 



Computed from observations on Nov. 22, 27, and Dec. 12. Deviations of the 
middle place : — 

A X cos /3 = - 9'' ; A /3 = + 6". 

Equations for the Equator. 

X = (9-999959) r 8in( 26** 56' 58" + v) 
y = (9-716395) r 8in(115 39 42 + v) 
z == (9-931456) r Bin(117 25 39 + v) 

Aus den Beobachtungen Cambridge (Mass.) Nov. 17, Paris Nov. 27 und Wien 
Dec. 12 habe ich folgende Bahn berechnet : — 



T c= 1881, November 19-7402 m. Z. Berlin 
ir«ft = 117° 52' 13") 

R = 181 19 51 )• m. Aeq. 1882-0 
I = 144 49 17 ) 
log q = 0-28468 



Die Darstellung der mittleren Beobachtung wird : — 

AXco8/J = + 4'; A/3=+ 6". 

Dr. Oppbnhbim. 

BerUn, Dec. 18, 1881. 

According to the " Science Observer," No. 35, a wrong declination (70® 42' 47"'l 
instead of 70° 47' 2"'3) for Nov. 20 was used in computing the orbit given in 
Dun Echt Circular No. 40 {Copernicus Vol. I, p. 238). The orbit became 
erroneous in consequence, but was nevertheless ot great value as it enabled 
European observers to find the comet. 



EECENT LITERATUEE. 

On the Relative Accurax^y of Different Methods of Determining the Solar Parallax ; 
by Wm. Harkness.* The author points out that all the known methods of finding 
the distance of the sun belong to one or other of thi-ee classes : 

I. Trigonometrical methods, II. Gravitational methods, and III. Photo-tachy- 
metrical methods. 

To the first class belong observations of Mars either by the meridional method 

♦ Amer. Jonr., Nor., 1881 (20 pp.) 
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ut two stations in the northern and southern hemispheres, the most noteworthy 
results of which for the solar parallax are — 

1672 J. D. Caasini, 9''-5 1865 E. J. Stone, 8"-943 

1751 Lacaille, 10-38 1865 A. HaU, 8-842 

1835 Henderson, 9-028 1867 Newoomb, 8-855 

1856 Gilliss and Gould, 8-495 1879 Downing, 8-960, 
1863 Winnecke, 8-964 

or from the diurnal parallax, instances of which are — 

1672 J. D. Cassini, 10''-2 1857 W. C. Bond, 8"-605 

1672 Flamstead, 10 1877 Maxwell HaU, 8-789 

1719 Bradley and Pound, 10-5 1879 Gill, 8-78 

Both these methods have been applied to asteroids — 

In 1875 to Flora by Galle, . . . r = 8"-879 

1877 Lord Lindsay and Gill (from Juno in 1874) 8-765 

There are great diflSculties in the way of obtaining satisfactory results from 
Mercury and Venus by these methods. 

Transits of Venus, until quite recently, were regarded as furnishing by far the 
best measures of the sun's distance. The contact observations of 1761 yielded 
results of which Pingr^'s 1 0'MO and Planman's 8''* 49 are the extremes ; the transit 
•of 1769 furnished 11 values varying from Planman 8'' -43 to Stone 8" -91. Encke's 
well-known result from both transits is 8" "5 71. Lastly we have from the Transit 
of 1874, Airy 8"-760 and Tupman 8'''846. The differences mainly arise from the 
varying interpretations put upon the descriptions of the phenomena of contact. 
From 61 selected observations of the Transit of 1874 discussed by Col. Tupman the 
author finds the probable en-or of an observed contact to be + 4'*59 corresponding 
to + 0"*15 in the distance of centres. Actual errors of 20* or 30' are not un- 
common. 

Observations of the Transit of 1874 with heliometers have not yet been published. 

As the reductions of the U.S. transit of Venus photographs taken at Kerguelen 
Island, Hobart Town and Peking are not quite completed, Prof. Harkness 
examines the results obtained from 119 American photographs of the Transit of 
Mercury in 1878 by the long focus apparatus that was used in 1874 for the transit 
of Venus. As respects the measures of the photographs the constant error, of 
reading is practically zero for the mean of the three stations, Cambridge, Washing- 
ton, and Ann Arbor. The probable error of a position of Mercury from two sets 
of readings made upon a single photograph is within a circle whose radius is 
+ 0''-553. 

II. Gravitational Methods. The author first derives the expression — 



»/ E 

Solar parallax = j^ = 609-434 ^ g „ > 



where E and S are the masses of the Earfeh and Sun, and the constant is derived 
firom the length of the sidereal year, the size and figure of the earth and the force 
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of gravity on its surface. This equation with Le Verrier's values of the earthV 
mass derived from the secular variations of Venus and Mars gives — 

p = 8"-862, from latitudes of Venus at Transits of 1761 and 1769 ; 

p = 8'868, from 106 years* meridian observations of Venus, and 

p = 8-876, from the occultation of yj^ Aquarii by Mars, Oct. 1, 1672. 

The uncertainty of the parallax is estimated at possibly + O''*07, As these secular 
variations continually increase they will eventually give the sun's parallax with the 
utmost precision. 

Designating the Parallactic Inequality by Q, and the moon's mass by M, there 
results the equation — 

p = [8-837088] Q i^^ 

where the logarithmic constant mainly depends on the moon's parallax and the 
ratio of the mean motions of the sun and moon. 

Taking five of the best values of Q and varying the moon's mass from ^ to -^^ 
Prof Harkness finds ^ to vary between the limits of 8''776 and 8''"910, and to be^ 
but little affected by the assumed mass of the moon. 

For p in terms of the Lunar Inequality, L, the author finds the equation — 



p = 0-0164564 L f ^ m^ ) 



in which the constant is that of lunar parallax lessened by 28'' 18 (a term of 
Delaunay's, depending upon the difference of mean longitudes of the sun and moon). 
Various values of L are 6"'50 + 0'''02 from observations at Greenwich, Paris and 
Konigsberg (Le Verrier) ; and two values by Professor Newcomb, 6" 56 + 0"-04 
from Greenwich' observations and 6" -51 +_ 0''*07 from Washington data. These^ 
combined with the same values of M as before, give p between 8"-664 and 9"'068. 
Setting the uncertainty of L at + 0"'02 and that of the reciprocal of the mooii'a 
mass at + 0*5 the probable error oip comes out + 0"'06. 

III. Photo-tachymetrical methods. 

Given the velocity of light upon the earth's surface the sun's parallax may be 
found in two ways : 

1st. By combining the light equation with the measured velocity in terms of the 
earth's equatoreal radius. 

2nd. Assuming the ratio of the earth's orbital velocity to that of light to be 
represented by the constant of aberration and combining that constant with th© . 
velocity of light. 

To determine p within + 0"-01, the probable error of the velocity of light per 
second must not exceed + 240 Kilometers, or that of the light equation + 0'-40 or 
of the constant of aberration + 0'''016. The probable error ofjp seems to be at 
least + 0"'05. 
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The results are — 

Velocity and Light Equation, . . . 8' -72 to 8" -89 

Velocity and Al^rration, .... 8'73 to 8*90 

This method is also embarrassed by a number of serious theoretical difficulties, 
jprominent among which is that we have no sure means of passing from the velocity 
of light at the earth s surface to its velocity in inter-planetary space. 

Collecting the various limiting values of the solar parallax the author goes on to 
say that : — 

" By adopting suitable weights almost any value from 8"-8 to 8''-9 could be obtained ; and no matter 
what the result actually was, it would always be open to a suspicion of having been cooked in the 
weighting. We only know that the parallax seems to lie between 8^*75 and 8"'90, and is probably about 
8" '85. Attack the pr(»blem as we will, the results cluster around this central value. All the methods 
give a probable error of about + 0""06, and no one of them seems to possess decided superiority over the 
others. We have nearly exhausted the powers of our instruments, and further advance can only be made 
at the cost of excessive labour. 

" In the beginning of the eighteenth century the uncertainty of the solar parallax was fully two seconds ; 
now it is only about 0"-15. To narrow it still further we require a better knowledge of the masses of 
the earth and moon, of the moon's parallactic inequality, of the lunar equation of the earth, of the con- 
stants of nutation and aberration, of the velocity of light, and of the light equation. All these investiga- 
tions can be carried on at any time, but there are others equally important which can only be prosecuted 
when the planets come into the requisite positions. Among the latter are observations of Mars when in 
opposition at its least distance from the earth, and transits of Venus. 

" In 1874 all astronomers hoped and believed that the transit of Venus which occurred in December of 
that year would give the solar parallax within 0"'01. These hopes were doomed to disappointment, and 
now, when we are approaching the second transit of the pair, there is less enthusiasm than there was 
eight years ago. Nevertheless, the astronomers of the twentieth century will not hold us guiltless if we 
neglect, in any respect, the transit of 1882. Observations of contacts will, doubtless, be made in abun- 
dance, but our efforts should not cease with them. We have seen that the probable error of a contact 
observation is ± 0"'15, that there may always be a doubt as to the phase observed, and that a passing 
cloud may cause the loss of the transit. On the other hand, the photographic method cannot be defeated 
by passing clouds, is not liable to any uncei'tainty of interpretation, seems to be free from systematic 
errors, and is so accurate that the result from a single negative has a probable error oi only + 0"'55. If 
the sun is visible for so much as fifteen minutes during the whole transit thirty-two n^atives can be 
taken, and they will give as accurate a result as the observation of both internal contacts. In view of 
these facts can it be doubted that the photographic method offers as much accuracy as the contact method, 
and many more chances of success ) 

'' The transit of 1882 will not settle the value of the solar parallax, but it will contribute to that resolt, 
directly as a trigonometrical method, and indirectly through the gravitational methods with which the 
final solution of the problem must rest As our knowledge of the earth's mass may be made to depend 
upon quantities which continually increase with the time, it will ultimately attain great exactness, and 
then the solar parallax will be known with the same exactness. Long before that happy day arrives the 
present generation of astronomers will have passed over to the silent majority, but not without the 
satisfaction of knowing that their labours will contribute to that fullness of knowledge which shall be 
the heritage of their successors." 

Observations of the Transit of Mercury, 1881, November 7, at Mount Hamilton, 
California. (Communicated by the Lick Traatees.) By Edw. S. Holden and 
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S. W. Bumham (American Journal of Science, January, 1882). Professor Holden- 
and Mr. Burnham were invited by the Lick Trustees to observe the Transit of 
Mercury on the 7th of November, with the smaller instruments which have lately 
been set up at the Lick Observatory. Professor Holden observed with a Clark 
comet-seeker of4 inches aperture and a power of 50 diameters, the highest available. 
Captain R. S. Floyd, president of the Lick Trustees, observed with a small telescope,, 
aperture 2^ inches and power 56. Mr. Bumham observed with the 12-inch Clark 
equatorial (its aperture being reduced to six inches) and a power of 150 diameters. 
The assumed position of Mount Hamilton is — 

= + 37^ 21' 3" 

X = + 2'' 58» U*-6 from Washington. 

The computed time of first contact is (using the elements of the American Ephe- 
meris), 2'' 9" 42'-3. 

The local mean times as observed were — 





First Contact. 




Holden . 
Bumham 


. 2'^ 11- 2--3 

. 2 10 4M; H. 

Second Contact. 


- B. = + 21-2 


Holden . 
Floyd . 
Bumham 


. 2'^ 12-25-8 

. 2 12 150; H. 

. 2 12 5-7; H. 


- F. = + 10-8 

- B. = -f- 201 


Holden • 


Duration of Ingress. 
. 1- 23*-5 Bumham • 


. 1- 24-6 



^* Zur Theorie des Encke'schen Cometen. Von 0. Backlund.'^ (M^m. de I'Acad. 
Imp. de St. P^tersbourg, 7"* S^rie, T. 28, No. 6, 83 pp.) This paper forms a 
continuation of Von Asten^s memoir on the absolute Jupiter-perturbations of 
Encke's comet. It gives the general expressions of the perturbations of the first 
order of the so-called Hansen's elements, the mean anomaly, the logarithm of the 
radius vector and the sine of the latitude for the part of the orbit between the true 
anomalies 180® and 190°, so far as this is possible without determining the 
corresponding expressions for the remaining part of the orbit. As Von Asten's* 
calculations refer to the part of the orbit between 170° and 180°, the principal 
difficulty in deducing the absolute Jupiter-perturbations may now be considered as 
overcome, as the comet in the rest of the orbit never approaches Jupiter. While 
Von Asten followed Gyld^n s older method, Dr. Backlund has adopted the methods 
given in the same author's '^Receuil de Tables contenant les d^veloppements 
num^riques h, employer dansle calcul des perturbations des comfetes.'* 
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ON SOME INTERPOLATION FORMDLiE FOR DOUBLE STARS. 

By Professor T. N. THIELE. 

The great majority of Double Stara, whose movement is so perceptible that 
observations at various times cannot be immediately compared, move however too 
slowly to render it practicable to carry out actual determinations of their orbits for 
some centuries to come. For this purpose seven mutually independent determi- 
nations are requisite, and the observations are relatively of so little accuracy, that 
even when half the orbit has been described under observation, one or several of 
the elements may remain almost indeterminable. 

But while thus in most instances any knowledge of the actual conditions of the 
movements must at present be held inattainable, it is yet very possible to satisfy 
our more immediate requirements by such computations of the observations as may 
throw light on the errors made in observing. 

For this purpose the formulae for the determination of an elliptic orbit can 
certainly be used, if, whenever an equation occurs which becomes indeterminate, on 
any reasonable assumption respecting the magnitude of the errors, use is made of 
the right thus obtained to assume the quantity sought. Still this would practically 
restrict the application of this method to double stars to those cases where the whole of 
the observations could be said to represent six mutually independent values, so that 
an assumption respecting a single element of the orbit (in almost every case the 
period) would remove all the indeterminateness of the equations to be solved. But 
where several arbitrary assumptions would have to be made, the computations 
must be made by interpolation formulae in place of the exact methods. 

From what has been said it follows, that for double stars a number of interpolation 
formulae should be provided, and that the most complicated of these should contain 
five constants to be determined from the observations. 

It may be insisted on that these interpolation formulae shall be easy of compu- 
tation, at least as easy as the elliptical formulae in their normal application. But 
beyond this there is something more that must be demanded, which on the whole 
has not been taken into account in the interpolation formulae that hitherto have 
been used in this problem; namely, that the properties which characterize the 
actual movement in a short interval of time should also be reproduced in the 
formula. Each such peculiarity that characterizes the elliptic orbit (e-^r., maxima or 
minima) should find a representation in at least one of the interpolation formulae, 
and on the other hand the interpolation formula ought generally not to have any 
prominent features {e.g., an inflection in the orbit) which do not occur in elliptic 
orbits. The interpolation formula must be conceivable as an imperfect develop- 
ment of the true movement in the form of a series. As the true movement has 
but seven arbitrary constants, if the series has a larger number they must be 
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reduced by taking into account the relations between the constants in the interpo- 
lation formula. But a special condition may require that a relation shall also be 
established between a smaller number of constants in the first member of the series, 
than are taken account of in the interpolation formula, and just such a condition 
here exists. 

There are always two kinds of observations, viz., measured distances r and 
directions (position angles;, R at given times t ; in each case, therefore, there ought 
to be employed simultaneously two interpolation formulae — 

r=/{t) and R = F (<). 

But in elliptic motion there is also the law of proportionality between the * areas 
and the times — 

between the two simultaneous interpolation formulae there must therefore exist a 
relation, the differential equation — 

2/(0F(0+/(0F"(O = O, (2) 

the very same, which in its greatest generality expresses, that the observed, 
projected motion is in accordance with some attractive force or other between the 
two stars. In the representation of the apparent motion of double stars only such 
pairs of interpolation formulae r ^ f{t) and R = F (t) are applicable, as fulfil the 
condition given in (2). In some measure either r = /*(<) or R = F (t) may be 
chosen arbitrarily, but this choice determines the other function with, however, 
the addition of one arbitrary constant in / {t) or of iwo in F (t). Arbitrary 
choice may also be made of the formula for the apparent attractive force as function 
of the distance r and then both formulae of interpolation can be determined 
with the introduction of four constants in all. 

The interpolation formula can thus be found on the assumption, that the 
attraction is the same in the apparent as in the true orbit, inversely proportional 
to the square of the distance, and in this way formulae are obtained for the elliptic 
motion about the chief star as focus, which will be very advantageous, especially 
when the plane of the orbit is approximately perpendicular to the line of sight ; I 
shall, however, not delay myself with these approximations, the less so as they 
are sufficiently well known, although hitherto not applied in this way. 

On the other hand there is reason for discussing some other formulae of far 

simpler computation, and which often can be applied even in cases when the 

observed motion has been large enough to induce astronomers to attempt an 

actual computation of an orbit. They are all subject to the assumption that the 

attraction in the apparent orbit is inversely proportional to the cube of the distance. 

But their title to be used is not to be sought in this property. Imagine the square 

of the apparent distance developed in a series according to ascending powers 

of the time — 

fA ^l^^^n^ ^ 
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then, remarkably enough, this series will often be found more convergent than 
the series for r, R or a? = r cos E or y = r sin R. I take account only of the 
first three members in my interpolation formula, and set therefore for / (t) the 
expression — 

r « Vl + mt + nV^ ; (3) 

whence for F {t) by (2) or (1)— 



^-^'fr 



dt 



^ ' w (» — m) ° t — u ^ ' 



where u and v are the roots of the equation — I + mt ■\- nt 
In case the roots are complex numbers — 



l3'> 
(40- 

(3") 

(4") 

Finally, if one root is infinite, n = 0, ntt_= — m, t; = — ~, and we have — 

*• = v'rqr^ (3'") 

and — 





17 == it? + « 




U ^= W — «*, 


(3) takes the form — 






r = ^nV,« + (<-!(;)* 


and (4) becomes — 






R.P + ?,*^(.»,i^) 


In the special case when v 


= 'u — 




r = ^^n (t — u) 


and then — 









R = W + ^logDat(^ + l). (4-) 



It follows from (3) that these interpolation formulsd cannot give to the distance 
more than one maximum (3) and (4), or one minimum (3') and (4'). On the other 
hand, the apparent orbit can have as many as two of each kind, it follows therefore 
that these formulsB are restricted to cases where the observations comprise at 
the most one maximum or minimum. Further, the orbit given by the formula is 
strictly synmietrical with respect to a maximum or minimum, and as, in general, 
this does not hold for the exact laws, the use of the formula is also restricted on 
this account. 

None of the orbits given by the formulae have inflexions, and the curvature of 
the orbit is always turned towards the chief star except in the solitary case of (3') 

and (4'), when ^> 1. The case when ^ = l» giving uniform rectilinear motion, is 

therefore the extreme applicable limit. The distance can never become infinite 
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for a finite t, but on the other hand it may easily happen that r = 0, but only simul- 
taneously with R = 00 , so that the companion can only reach the chief star afber 
having circled round it an infinity of times. 

For practical computation and for solving the problems we shall treat of, the 
interpolation formulae are best written in the following form— 

For (3) and (4) we have — 

r 10*»=a + bt 
r 10-«»= c + dt 

Or when n is positive — 



)■ 



rlO 



a<Q-R) ^/-r 



on the contrary for n negative — 



r 10 

r 10 



o(B-<n 



V n(t ^ v) 



^n(t — u) 



aiQ'-B) 



= V — n (« — 






where — 



n(u — t;) 



4a 



Loge = 



be —-cul 



Log e. 



For (3') and (4') we have — 



r cos /3R = a + tt 
r Bin i3H ^ ( + l)f« 



or- 



where—' 



r COB ^ (R — P) « v^^ . « 

r sin /J (R ^ P) = V w . (< ^ ic) 



}lla, 



7u al> ^ ftc 

. ■= 2/3= 2]3 ' 

it is here assumed that B is given in arc. In each pair of these formula there 
enter 5 constants. 
From (3''') and (4''') 

f^^l + nu 

R =. A + B log (^ + tn<) 

or — 

10 «B =,r 
According to (3'') and (4")- 

rR == c' + d'< 

In n. we have formulae for rectilinear uniform motion — 

r cos R = a + ft< 
r Bin R = t + If* 

interpolation formulae with four constants. 



ni. 
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Finally included under IV. we have the formulae 7* = a', E = A + B* and 
r = a' + b^t, R = A as quite special cases, and these are without doubt the sole 
formulas with only three constants that can be required. 

It is very easy to compute ephemerides by these formulae, nor is it difficult to 
determine the constants from observations. But in dealing with double stars, it is 
not possible as in the case of planets or comets, to lay down a definite form for the 
computations which can in some measure be followed in all instances. For double 
stars it is necessary to give the computer free choice between many different 
methods, and the result will greatly depend on his being led by experience and 
delicate tact to the choice of the right method. The cause of this is first and 
foremost, that the method of least squares is powerless in face of the large systematic 
errors which deform micrometric measurements. Sir John Herschel, as is well 
known, proposed to replace the successive treatment according to the method 
of least squares by a preliminary graphic interpolation and computation of the one 
co-ordinate from the other by use of the law of proportionality between areas and 
times. The device is good, although not quite free from leaving too much room 
for arbitrary treatment. But it should not be applied solely to the measures of 
position, but also to the distances, as I applied it long ago (see Undersogelse af 
Omlobsbevaegelsen i Dobbeltstjernesystemet y Virginis), and it is best of all to 
dispense with these introductory operations. They were necessary so long as the 
exclusive aim was to compute all seven elements of the orbit without regard to 
the sufficiency of the observations. By the use of interpolation formulae graphic 
interpolation can be dispensed with. By reducing the number of constants, usable 
first approximations can be derived from the raw observations, and it is easy 
through the formation and amelioration of normal places gradually to approach 
the goal. 

But the impossibility of treating all double stars by one and the same 
method, has another, fully as essential cause in the large and, as it appears, irregular 
distinction between the motions of the various pairs. No element can be approxi- 
mately known beforehand, all excentricities, all inclinations, &c., are found about 
equally represented, and even, where the form of the apparent orbit is the same, 
the different magnitude of the orbit (the difference between corresponding apparent 
angles) demands an absolutely different mode of computation. The difference 
occasions that in one instance measures of distance are preferred to those of 
position for the determination of elements that can be deduced from both kinds, and 
in another that just the opposite course is taken. But one part of the observations 
can always be considered free from error, namely, the times at which the observa- 
tions are made. It is therefore a great (and unfortunately, frequent) error, to use 
or recommend methods of computing orbits, which essentially rest on the combi- 
nation of distances and positions, in which the times of observation are treated as 
unknown. The observational foundation for every computation of an orbit or 



30 On some Interpolation FormulcB for Double Stars. 

interpolation formula should at all times consist in combinations of the two kinds, 
Time-Distance and Time-Position, and the difference in the methods should show 
itself in the different number of these kinds of combinations that are considered as 
given. There must necessarily be included at least one observation of time-distance 
for the determination of the unit of distance. For the computation of an orbit it 
is further necessary that at least one observation has the form time-position; 
our interpolation formulas demand even, that at least two observations shall have 
this form, as not only the fundamental direction, but also the unit of position has 
to be fixed by observations of this co-ordinate. 

For most methods it is advantageous, and for some almost necessary, that the 
epochs of some of the measures of distance and position angle should exactly 
coincide. This is in so far unfortunate, that the success of a computation depends, 
not only on one kind of observation not obtaining an undue preponderance over 
the other, but also on the single observations or normal places being taken from 
such epochs that they express as well as possible the whole series of observations ; 
thus, e.g.y a number of position angles are to be preferred at epochs when the 
distance was small and the angular velocity great, while observations of distance 
should chiefly be chosen from times when the distance itself was great or its 
variation rapid. It may be difficult enough fully to satisfy these demands when 
the choice is free, but the difficulty increases much when combinations of the 
form Time-distance and position are to be used. 

Eules of computation shall now be communicated for my various interpolation 
formulae, arranged chiefly according to the varying number of employed distances r, 
and positions B, and secondarily in accordance with the various sets of formulsB I, 
II, III, IV or V that are used. 

Three Distances and Two Positions. 

When three distances and two positions are used, the epochs can be chosen 
without any restriction. The computation itself shows whether the intei*polation 
formulas are of the form I or II. From the three distances ri, r, and r,, which 
correspond to the times i„ *, and «„ Z, m and n are computed by the three 
equations — 

r,* = ^ + m<i + nti^ 

From the sign of m* — Aln it is seen whether the equation — 

= 1+ nU + nH^ 

has real or imaginary roots. 

1. In the first case these roots are computed from — 
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When n > 0, the times u and v must both fall either before or after the epochs 
of all the observations, not only of ti, i, and t^ but also of t4 and t^ which belong to 
the positions R4 and R5. Then from the equations — 

2a (R, - Q) = log {t, - w) - log {t, ^ v) 
2a(R, - Q) = log {t, - w) - log {t, - v) 

— where log means Briggs' logarithms, — are found the constants a and Q, whence 
the final formulae — 

in which the Vn is to be taken with the same sign aBt — u and t — v. 

If, on the contrary, n < 0, the time u will fall before, v after the whole of the 
epochs of observation, and then a and Q' are to be computed by the equations — 

2a (R, - Q') = log (t, - w) - log (v _ O 



in the formulae — 



2a (R, - Q') = log(t,^u) - log(i; - O 



!■ 



In this case for the maximum of distance t^ = ^(u + v), R^ = Q' and 

^« = i^^ {v - u). 

2. If, on the contrary, ^ I + mt + nt^ has imaginary roots, n will at all times 
be positive, and we can take — 

m 
8 = \/ Un —. 7/1^ : 2«. 

Then fi and P are computed from the times t^ and t^ for the observations of position 
by the two equations — 

^ (R, - P) = arc Ctan = ^^^-=^) 
)3 (R. - P) = arc (^tan = '*-^). 

We have thus all the constants for the formulae — 

rco8/3(R-P) = V«.« 1 jj^ 

r sin /3 (R — P) = \/w (« — M?) / 

There is a minimum distance for t^^ w^B»^ = V and ^« = ^w • s. 

These computations show plainly when there is reason for trying the application 
of one of the simpler interpolation formulae III, IV or V with four constants, and 
which of them should be used. 

Two Distances arid Two Positions. 

3. When in the preceding calculations with three distances and two positions 
the constant n has turned out very small, it is well to try, if by leaving out one 
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distance, formulsB III can be found to represent the observations. First I and m 
are to be computed from — 

and then A and B from — 

R, = A + B log (Z + mQ 
R4 = A + B log (Z +- mt^). 

4. If, on the other hand, m* — Anl is small, positive or negative, formulae IV 
should be tried by computing a' and 6' from-;;^ 

and c' and d' from — 

(a' + b%) R, = c' + d't^ 
(a' + b%) R, = c' + d%. 

And in general the calculation should at once he made in this way, whenever the 
observed changes have been very small both in distance and position. 

5. Lastly if ^ has diflfered but little from 1 in the computation of II from three 
distances and two positions, or in case inaccuracies in the observations should have 
caused fi to become greater than 1, so that the convex side of the orbit would 
turn towards the principal star, it becomes necessary to compute a rectilinear path 
according to V. 

If simultaneous observations of distance and position have been available, this 
chance will not cause any difficulty. It is only necessary to transform the polar 
into rectangular co-ordinates and compute the constants in the resulting linear 
equations. 

Two Distances and Three Positions. 

Cases where two distances and three positions must necessarily be used for 
the determination of the constants in the interpolation formulae will often occur, 
especially when older observations have to be used, in which only the position 
angles are in any degree reliable, or when the distance during part of the time of 
observation has been very small. 

6. If both measures of distance are simultaneous with two of the measures of 
position, it will not be possible to avoid indirect methods, but approximate formulae 
can be given. It is easy to see from the formulae I and II that the whole difficulty 
will rest in determining a or fi. An equation can then be formed with the given 
values ti; ri, Ri ; «„ r,, R, ; <,» R3 ^^ which provisionally only a or )8 occurs as 
unknown. To form this, suppose the unknown distance r, provisionally retained in 
the equations I and 11, until the unknown constants a. b, c, d or a, t, C, }i are 
eliminated. Eliminating r, next we have — 

t. - <, r, 10 «c^.-^ > ^ lo<^-^) 
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or — 

<«-<! r, 8in{/3 (R3 - R,)} 

From these a or )8 are now to be determined by trial. But since in the interpola- 
tion forrnulsB it is always assumed that the motion has not been particularly large, 
a or )8 can be approximately computed, and that moreover from one and the same 
series. Suppose R expressed in degrees, then we can put — 



(j^e) = - (m) = y 



and then — 

r.(R, - R,) • r,(R. - R.) - N. ^ 1 + iy(R. - 1<.)* + ^jjv'i^ - R")* h • • • 

whence follows as an approximate formula for y, — 

eiognat ^j^^ 

If the ratio N, : N, does not differ from 1 more than to make the two expressions 
on the right of this equation agree, considerable reliance may be placed on the 
correctness of this determination of y. But if they do not agree, either of the 
values or an intermediate one can be chosen, with which to compute y and thence 
a provisional value of a or fi. 

6a. If y is positive, we are led to the formula I, and have as a first approxi- 
mation a = Vy io**^^*\ The given form for the exact equation for a is not very 
convenient for computation. We therefore introduce the function — 

,, 10* -10-* 
*(*> == 2i ' 

for the logarithms of which the first of the following tables is computed, and then 
have strictly — 

<»-<! . <3-<. _ ^ _ »{a(R, - R,)} 
n CR. - R,) • r.(R. - R.) - N. - 0{a(R, - R.)}' 

which is well adapted for the successive correction ot the values of cu When a is 
once found, the other four constants are easily computed by the equations — 

r, 10«». = a + bt,, r, 10 " «»i = c + cU,, 

r,10«Ri= a + 6^^ r^lO'^'^^c + dt^ 

66. If y comes out negative, form II must be used. Expressing R in degrees, 
we have as a first approximation for fi, the formula fi = ^ — y lO*"^"'". In this 
case the formula for fi can be applied in its unaltered form — 

h-t, r. 8in{/3(R^-R,)} 
^ - <s • n " sin {/3(R, - R^}' 

VOL. II, E 



84 On some Interpolation FormulcB for Double Stars. 

but here too a device can be used which is analogous to that mentioned in the 

preceding case, and with the function \lf{x) «= ^^, for the logarithms of which a 

table follows, compute by the formula — 

<,-^ . ^a-<. _ N, yp {/3(R, - R,)} 
n (R. - R,) • r. (R. - R.) - N. = ,/, {/J(R, - R.)l' 

until the definite value of fi is found. The four remaining constants are then 
computed from — 

r, C0S/3R, = a + fitly r, sm/JR^.^ C + Jl^, 

r, cos /3Ra = a + t^2, r. sin /3R, = C + If^j. 

In both cases of this method with two distances and three position angles, of 
which two are simultaneous with the distances, there is one exceptional case, which 
must be guarded against. It is obvious that the solution will be indeterminate it 
two of the three times of observation lie very near together, but beyond this, as is 
shown by the equations for a and fi, an indeterminate solution is obtained in a case 
which one is easily tempted to employ, namely, when R, = ^(Ri + R,). In this 
case a or ^ cannot be determined, but there exists between the given values the 
relation r^ (t^ — <,) + r, {t^ — t^) = 0. 

Here too the computations show easily, when there is a prospect of satisfying the 
observations by the simpler formulae HI, IV or V. But it will depend on the 
special circumstances, whether in such a case the computation should be made as 
above with two distances and two positions or by the following methods. 

One Distance and Three Positions. 
7. To compute the constants in formula III from a single distance and three 
position angles, B must first be sought as determined by three equations of the 
form — 

_R — A 

I ^mt = 10 B , 

<,-.<, 10» ~ 10» 
then — t,^ti^ ^ ^ 

lOB - 10*^ 

/ R,-R, \ 

or- ^zr5;-RhrR; = io '" /R^-feA" 

*V 2B ) 
As the <^*s do not here vary much, and as the chief efiect of a change of B fedls on 
the purely exponential factor, it is easy to get the right. value of B by computing 
the <^'s with an assumed value for B and by improving this in the succeeding value 

Bs — Bi A ▲ 

for 10""^* . When Bis known I 10® and m 10® are computed from two observa- 
tions of position by the equations — 

\l IQBy + Cm 10 bA, = 10"B 

Cnov + Cm 10 v^, =. 10"^. 
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Finally the observation of distance — 

B4-A 

gives the, as yet unknown, constant A and the common unit for I and m. 

8, With the same distribution of data to compute by formula IV, it is to be 
noted that the unknown distances rj, r, and r, are respectively proportional to — 

xvj — Rg xi^ — Rj Rg — Ri 

and - 



9. Equally easy and quite analogous is the computation of the constants for 
uniform rectilinear motion by the formula V. Here the distances r„ r, and r, are 
respectively proportional to — ' 

sin(R^ — R,) sin(R, — RQ Hin(Rg — RQ 



One Distance and Four Positions. 

10, The computation with a single distance and four observations of position 
ought only to be undertaken when the distance has been small and therefore 
seldom or never accurately measured If the motion in position-angle has not been 
very considerable, it may easily happen that a preparatory graphical rounding-off 
will be necessary to lessen the influence of the errors on the numerous data of 
computation of the same kind following each other in close succession. 

We found above, in the case of two distances and three positions, an equation of 
the form — 



to this we now add another of the same form — 

— B^ 



n iQ«(B, - »0 _ jQa(R, - R,) 8m{/3(Ri-R,)K 



from these w^e eliminate the relation between the unknown distances r, and rj and 
thus find an equation in which a or /8 is the only unknown — 

(^ , g (t, - _ 10"^^'-^ , 10«(H.-B>) io«(B.-BO^^Qa(B,-.B,) 

(t, - (<» - O io"^»* - "*^ _ 10"^^ " ^^> 10"^^ " »»^ - lO"*^** " ^^ 

Bin {p(R. ^ R.)} Bin {fiiU, - RJ} 
= Bin {/3(R, « R.)} Bin {/3(R. - R,)}* 

Writing here for the anharmonic relations of the times and the positions — 

(t, - g ft -^ (R, - R^) (R, -> RQ 

"=(«,- g («. - ^) *^^ « = (R, - R,) (Rg ^ R,)> 

the equation for a or ^ becomes — 

T » {a(R. - R.)} » (a(Ri - RJ} ^ (/?(R. - R.)} i^ {/3(R, - RJ) 
"R = ♦ {a(R. - HO] * {«(R. - Ri)} " 'Z' {/3(R4 - Bi)} V' {i3(R, - R,)} 
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and we have the developement in series common to both cases — 
T 1 + I (A* + B') + ^ (A^ + A»B' + B*) + . • . 



1 + i (A* + C*) + li (A^ + A«C» + C«) + 

IS 360 

A = E« - R, + R, _ R. 
Q = K4 -{- xlj — Rj — R| 
C = R, - R, - R. + R, 



From this follows as an approximate formula — 

7 "^ 120 "" 24 T - R ^'^ "" ^ ^ 

log nat g- 

From these values of y, as in the case of two distances and three positions, we 
may compute preliminary values for a or fi, according as y is positive or negative ; 
these provisional results are then to be tested and amended by the exact equations. 

10a. When a has finally been determined, we may compute values for at least 
two of the distances r^, r, or r, with the unknown factor (123) in the equations — 

(123) r. = (R. - R.) » M^ - R.)} 
(123) r. = (R. - B.) » {a(R. - R.)} 
(123) r, = (»» - «■) » {"(Rt - R.)} 
106. If )8 had been determined, we have — 

[123]r. = «2-ii^^ 

[123]r. = ?JBJ[?54^. 

k and Two Distances and Two Positions. 

1 1. Under certain assumptions A, the constant ratio between the area and the time, 
can be considered as known, and may be used in the determination of the constants 
in the interpolation formulae, e.g.^ after a preliminary graphical equalisation. The 
methods based thereon are scarcely convenient except in the sole case, that in 
addition to hy the corresponding values both of distance and position are given for 
two epochs. 

11a. According to I we have — 

»{a(R.-R.)} = J^^-J-)^^ »(0). 

so that also under the above assumptions a can be computed direct by the tables of 
function ^. 

After a is founds the remaining constants are computed as in the case of two 
distances and three positions. 
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116. From II we have — 

yj, {P(R, - R,)} 



2k(t, -^ ti) 



^{oy 



r.r. (R,-.R.) 

P can thus be found quite analogously to a as determined above. From fi the 
remaining constants can also be found as in the case of two distances and tfiree 
positions. 

The method 11 can be used in exact computations of an orbit to interpolate in the 
ephemeris. Particularly when the excentricity is large, there is a good deal of 
work connected with solving a large number of Kepler's equations to find the 
excentric anomalies. A small number of exactly computed positions in the 
ephemeris will suffice if these are connected pairwise by the interpolation formula 
computed by method 1 1. 
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•337 ^386 ^435 

829 878 927 


1 48 
. 48 
. 49 

'60 
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10* — 10 - * 
Table of the F\mction Log ^ = ^S 0(^) 



X 





1 


2 


3 


4 


6 


6 


7 


8 9 


A 


•76 


•66 


484 


533 


582 


031 


681 


730 


779 


829 


878 927 


50 


•77 
•78 
•79 


•67 


977 
476 

977 


*027 

625 

•027 


•076 

675 

•078 


*126 

625 

•128 


•176 

675 

•179 


•225 

725 

•229 


•275 

775 

•280 


•325 

826 

*331 


•375 *425 

876 926 

*382 •432 


50 
51 


•80 


•68 


483 


534 


585 


636 


687 


738 


789 


840 


891 943 


51 ■ 
61 


•81 
•82 
•83 


•89 
•60 


994 
509 
029 


*045 *097 
561 613 
081 133 


*148 
665 
185 


•200 
716 
237 


*251 
768 
290 


•303 
820 
342 


*354 
872 
395 


•406 *457 
924 976 
447 500 


52 
53 
62 


•84 
•85 
•86 


•61 


552 
080 
612 


605 
133 
665 


657 
186 
718 


710 
239 
772 


763 
292 
825 


815 
346 
879 


868 
398 
933 


921 
452 
986 


974 *027 

605 558 

•040 ^094 


63 
64 
54 


•87 
•88 
•89 


•62 
•63 


148 
687 
231 


.201 
742 
286 


255 
796 
340 


309 
850 
395 


. 363 
904 
450 


417 
959 
505 


471 

*013 

559 


525 

*068 

614 


579 633 

•122 ^177 

669 724 


64 
54 


•90 




779 


834 


889 


944 


999 


•054 


•109 


•165 


•220 *275 


55 
56 


•91 
•92 
•93 


•64 
•65 


331 
886 
445 


386 
942 
501 


441 
997 
657 


497 

•053 

614 


562 

•109 

670 


608 

•165 

726 


663 

•221 

782 


719 

•277 

839 


775 830 

*333 ^389 

895 951 


56 

56 


•94 
•96 
•96 


•66 
•67 


008 
674 
145 


064 
631 
202 


121 
688 
269 


177 
745 
316 


234 
802 
374 


291 
859 
431 


347 
916 

488 


404 
973 
646 


461 518 

*030 ^087 

603 661 


57 
66 

58 


•97 
•98 
•99 


•68 


718 
296 
876 


776 
354 
935 


833 
411 
993 


891 

469 

•051 


949 *007 ^064 

527 586 644 

•110 •168 ^226 


*122 •180 *238 

702 760 818 

•286 •343 ^402 


67 
68 
68 


1^00 


•69 


461 


















69 



Table of the Function Log ?5_?^ = Log i^(a;). 

X 



X 


•0 


•1 


•2 


•3 


•4 


•6 


•6 


•7 


•8 


•9 




0° 


8^24 188 


188 


188 


188 


187 


187 


187 


187 


186 


186 





1 
.2 
3 


186 
179 
168 


185 
178 
167 


185 
177 
165 


184 
176 
164 


183 
175 
162 


183 
174 
161 


182 
173 
169 


181 
172 
158 


181 
170 
156 


180 
169 
154 


1 
1 


4 
5 
6 


162 
133 
108 


151 
130 
106 


149 
128 
103 


147 
126 
100 


145 
123 
097 


143 
121 
095 


141 
119 
092 


139 
116 
089 


137 
114 

086 


135 
111 
083 


2 
2 
3 


7 
8 
9 


080 
047 
009 


677 
043 
005 


073 
039 
001 


070 

036 

•997 


067 

032 

♦993 


064 

028 

•989 


060 

026 

•984 


057 054 

021 017 

•980 •976 


050 

013 

•971 


3 
3 
4 


1.0 


8-23 967 


963 


968 


963 


948 


944 


940 


935 


930 


926 


4 
4. 


11 
12 
13 


921 
879 
814 


916 
864 
809 


911 
859 
803 


906 
863 

797 


901 
848 
791 


896 
843 
785 


891 
837 
779 


886 
832 
773 


880 
826 
767 


875 
820 
761 


6 
6 
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Table of the Function Log = Log \lf(x). 

X 



X 


•0 


•1 


•2 


•3 


•4 


•5 


•6 


•7 


•8 


•9 


A 


13° 


8-23 814 


809 


803 


797 


791 


785 


779 


773 


767 


761 




14 
15 
16 


765 
690 
622 


748 
684 
615 


742 
677 
608 


736 
670 
600 


730 
664 
593 


723 
657 
586 


717 
650 
678 


710 
643 
571 


704 
636 
564 


697 
629 
556 


6 

7 
7 


17 
18 
19 


549 
471 
389 


541 
463 
380 


533 
455 
372 


626 
447 
363 


518 
439 
355 


510 
430 
346 


503 
422 
337 


495 
414 
329 


487 
406 
320 


479 
397 
311 


7 

8 
8 


20 


302 


293 


284 


275 


266 


257 


248 


239 


230 


220 


9 
9 


21 
22 
23 


211 
115 
015 


202 
105 
005 


192 183 

096 086 

•994 *984 


173 

076 

*974 


164 154 

066 056 

•963 ^953 


144 

046 

•942 


135 125 

035 025 

•932 *921 


10 
10 


24 
25 
26 


8-22 910 
801 
687 


899 
790 
675 


889 
779 
664 


878 
767 
652 


867 
756 
640 


856 
744 
628 


845 
733 
616 


834 
722 
604 


823 
710 
592 


812 
698 
580 


11 
11 
11 


27 
28 
29 


568 
445 
317 


556 
433 
304 


544 
420 
291 


532 
407 

278 


520 
395 
265 


507 
382 
252 


495 
369 
238 


483 
356 
225 


470 
343 
212 


468 
330 
198 


12 
13 
13 


30 


185 


171 


158 


144 


131 


117 


103 


089 


076 


062 


13 

14 


31 
32 
33 


048 

8-21 906 

759 


034 
892 
745 


020 
877 
730 


006 
863 
715 


*992 ♦977 
848 833 
700 684 


•963 
819 
669 


*949 
804 
654 


*935 

789 
639 


•920 
774 
624 


14 
15 


34 
35 
36 


608 
452 
292 


693 
436 
275 


577 
421 
259 


562 
405 
242 


546 
389 
226 


531 
373 
209 


515 
356 
193 


500 
340 
176 


484 
324 
160 


468 
308 
143 


16 
16 
16 


37 
38 
39 


126 

8-20 956 

781 


109 
939 
763 


092 
921 
745 


076 
904 
727 


059 
886 
709 


042 
869 
691 


025 
851 
673 


007 
834 
655 


*990 *973 
816 798 
637 619 


17 
17 
17 


40 


601 


582 


564 


546 


527 


509 


490 


472 


453 


435 


18 
19 


41. 
42 
43 


416 
226 
031 


397 
207 
012 


378 

188 

"992 


360 

168 

•972 


341 
149 

•952 


322 

129 

•932 


303 

110 

•912 


284 

090 

*892 


264 
071 

*872 


245 

051 

•852 


19 
20 


44 
45 
46 


8-19 832 
627 
418 


812 
«07 
396 


791 
586 
375 


771 
665 
354 


751 
544 
332 


730 
523 
311 


710 
502 
289 


689 
481 
268 


669 
460 
246 


648 
439 
225 


20 

21 , 
21 


47 
48 
49 


203 

8-18 983 

758 


181 
961 
736 


169 
939 
713 


138 
916 
690 


116 
894 
667 


094 
871 
644 


072 
849 
621 


060 
826 
598 


028 
804 
575 


005 
781 
562 


22 
22 
23 


50 


528 


605 


482 


458 


436 


411 


388 


364 


341 


317 


24 

24 


61 
62 
63 


293 

053 

8-17 807 


269 
029 
782 


246 
004 
758 


222 

•980 

733 


198 

•955 

708 


174 

•931 

682 


150 

*906 

657 


126 

•882 

632 


101 

•857 

607 


077 

*832 

582 


24 
26 


54 
55 
66 


556 
300 
039 


531 
274 
012 


506 

248 

*986 


480 

222 

•959 


455 

196 

•932 


429 

170 

•906 


403 

144 

•879 


378 

118 

•852 


352 

091 

•825 


326 

065 

•799 


26 

26 
26 


67 
68 
59 


8-16 772 
499 
221 


745 
472 
193 


718 
444 
165 


691 
416 
137 


663 
389 
109 


636 
361 
080 


609 
333 
052 


682 
305 
024 


554 527 

277 249 

•995 *967 


27 
28 
28 
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Table of the Function Log 



sm X 



Log \l/(x) 



X 


•0 


•1 


•2 


•3 


•4 -6 


•6 


•7 


•8 -9 


A 


59° 


8-16 


221 


193 


165 


137 


109 080 


052 


024 


•995 •ge? 


28 


60 


8-15 


938 


909 


881 


852 


823 794 


765 


736 


707 678 


29 
29 


61 
62 
63 




649 
354 
054 


620 590 
325 295 
024 '993 


661 

265 

•963 


5S2 502 

235 205 

*932 ^902 


473 

175 
•871 


443 
145 

•840 


414 384 

115 084 

•810 ^779 


30 
30 


64 
65 
66 


8-14 


748 
436 
119 


717 
405 
087 


686 
373 
054 


655 
342 
022 


624 593 

310 278 

*990 •958 


562 

246 

*925 


530 

215 

•893 


499 468 
183 151 ■ 

•860 •828 


31 
32 
32 


67 

68 

• 69 


813 


795 
466 
130 


762 
432 
096 


730 
399 
062 


697 
366 
028 


664 631 

332 299 

•994 •960 


598 

265 

•926 


565 

232 

•892 


532 499 

198 164 

*858 *823 • 


33 
33 
34 


70 


812 


789 


754 


720 


685 


650 616 


581 


546 


511 476 


34 
35 


• 71 
72 
73 


811 


441 

087 
727 


406 
052 
691 


371 336 
016 *980 
655 618 


300 265 230 

*944 ^908 •872 

582 645 508 


194 

•836 

472 


159 123 

•800 ^764 

435 398 


36 
37 


74 
75 
76 


8-10 


361 
988 
609 


324 
951 
571 


287 
913 
532 


250 
875 
494 


213 175 
837 799 
456 417 


138 
762 
378 


101 
723 
340 


063 026 
685 647 
301 262 


37 
38 
38 


77 
78 
79 


809 


223 
831 
432 


184 
791 
392 


145 
752 
351 


106 
712 
311 


067 028 •989 
672 632 592 
270 230 189 


•949 
552 
149 


•910 ^871 
512 472 
108 067 


39 
40 
40 


80 




026 


•985 


•944 


•903 


•862 *821 


•779 


•738 


•697 ^656 


41 

42 


81 
82 
83 


808 
807 


613 
194 

767 


672 
152 

724 


530 
109 
681 


488 
067 
638 


446 405 

024 •gsi 

595 551 


363 

•939 

508 


321 

*896 

464 


278 236 

•853 *810 

421 377 


43 
43 


84 
85 
86 


8-06 


334 
893 
444 


290 
848 
399 


246 
803 
354 


202 
759 
308 


158 114 
714 669 
263 217 


070 
624 
172 


026 
579 
126 


•981 *937 
534 489 
080 034 


43 
44 
46 


87 
88 
89 


8-06 


989 
525 
054 


943 

479 
007 


896 

432 

•959 


850 

385 

•912 


804 758 

338 291 

•864 *816 


711 

244 
•768 


665 

196 

•720 


619 572 

149 102 

*672 ^624 


45 

47 
48 


90 


8-04 


576 


527 


479 


431 


382 333 


285 


236 


187 138 


48 
49 


91 
92 
93 


8-03 


089 
595 
092 


040 *991 
545 495 

041 '991 


•942 

445 

•940 


•892 ^843 ^794 

395 345 294 

•889 *838 ^787 


•744 *694 ^645 

244 193 143 

•735 *684 •633 


60 
61 


94 
95 
96 


8-02 
8-01 


581 
062 
534 


530 478 
010 '957 
481 428 


426 

•906 

374 


375 323 

•852 '799 

321 267 


271 

•746 

214 


219 

•694 

160 


166 114 

*641 *587 

106 052 


52 
62 
53 


97 
98 
99 

100 


8-00 
7-99 


998 
453 

898 

335 


944 
398 
843 


890 
343 

787 


835 
287 
730 


781 726 
232 177 
674 618 


672 
121 
562 


617 
066 
505 


562 608 
010 ^954 
449 392 


54 

65 
56 

67 
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42 Observations of Comets 1881 6, /, and g. 

OBSERVATIONS OF COMETS 1881 6, /, and g. 

Made at Dun Echt Observatory with the Filar Micrometer of the 1506-inch Befractor. 
(Oommunicated by the Earl of Cbawford and Balgaereb.) 

Comet 1881 6. 



Date— 1881 


Dan Echt 
Mean Time 


Comet - * 


a Comet 


i Comet 


Obaerrw 


Aa 


Aa 




June 27, 


11" 


5- 


30* 


_ 12- 14'-70 


+ 9' 


66--7 , 5" 


52- 


46'-57 


+ 60" 11' 3r-9 


R. 0. 


July 14, 


12 


19 


34 


+ 18 55-01 


+ 11 


54-6 ' 9 


38 


54-08 


+ 82 2 50-2 


» 


„ 18, . 


12 


43 


4 


— 2 24-23 


- 2 


12-7 10 


48 


29-83 


+ 82 16 47-6 


n 


„ 26, 


10 


52 


27 


+ 3 43-99 


-11 


80 1 12 


23 


2317 


+ 81 18 2-1 


99 


Oct. 16, 


8 


31 


49 


_ 3 37-38 


- 3 


58-6 1 18 


12 


4-79 


+ 70 43 64-9 


»y 


Kov. 16, 


12 


34 


25 


— 58-55 


- 6 


19-8 20 


10 


35-01 


+ 66 25-6 


J. G. L. 


„ 16, 


8 


17 


38 


+ 1 46-06 


- 1 


37-4 20 


13 


33-61 


+ 65 51 57-1 


R.O. 


„ 23, 


11 


10 


18 


+ 1 0-26 


- 6 


13-1 20 


38 


42-81 


+ 64 37 37-9 


J. G. L. 




11 


48 


14 


_ 48-66 


__ 


3-1 20 


38 


47-32 


+ 64 37 18-0 


9} 


Deo. 19, 


10 


17 


51 


+ 31-33 


+ 2 


66-6 22 





0-69 


+ 60 19 65-3 


R. 0. 


„ 21. . 


12 


38 


9 


— 6-64 


_ 5 


51-8 


22 


5 


56-98 


+ 60 1 11-3 


J. Q. L. 





ADOPTED MEAN PLACES OF COMPARISON-STARS FOR 1881 0. 




1881 


a 


Bedn. 


9 


Bedn. 


Authorities 


June 27, 


&• 


4- 


59'-52 


+ 1-76 


+ 60" 


1' 46"-0 


— 3"-8 


A. 0. 6602 




July 18, 


10 


50 


56-49 


_ 2-43 


+ 82 


19 2-9 


- 2-6 


Carrington 1628 




„ 26, 


12 


19 


42-17 


— 2-99 


+ 81 


29 10-1 





1845 




Oct. 16, 


18 


15 


44-40 


— 2-23 


+ 70 


47 30-3 


+ 23-2 


A. 0. 18145-6 




Nov. 15, 


20 


11 


33-95 


_ 0-39 


+ 66 


6 11-2 


+ 34-2 


„ 20303-4 




,, 16, 


20 


11 


47-94 


_ 0-39 


+ 65 


53 0-4 


+ 34-1 


„ 20313 




„ 23, 


20 


37 


42-47 


+ 0-08 


+ 64 


43 14-8 


+ 36-2 


Piaazi XX. 295 






20 


39 


35-84 


+ 0-14 


+ 64 


36 44-8 


+ 36-3 


Bonn. Beob. VI. + 64" 


-1460 


Dec. 19, 


21 


59 


27-83 


+ 1-53 


+ 60 


16 18-7 


+ 40-0 


A. 0. 23322 




„ 21, 


22 


6 


1-99 


+ 1-63 


+ 60 


6 22-9 


+ 40-2 


Riimker 9940 





On July 14 the app. place of the comparison-star was taken from "MittL u. 
scheinb- Oerter .... von 539 Sternen*' : — 

July 14, I 1 Hev. Draconis | app. a = 9'* 19« 59*-07 | app. 5 = + 81^ 50' 55"-6 

Remarkfl: 

July 14. Observations interrupted by clouds. 

Oct. 16. The comet has a trace of a tail on the following side and is very much condensed in the 
middle. 

Nov. 15. Diameter of comet = r*4. It is very difficult to set exactly on the central part> which is 
only slightly brighter than the surrounding area. With the wires fully lit up it is just possible to make 
out the place of the comet on the wires. 

Nov. 16. The comparison-star A. O. 20313 is very full red orange. 

Nov. 23. Comet faint; about 1' in diameter. 

Nov. 24. 9^ G. M. T. The comet inside a quadrilateral of small stars ; 

{= 12* = l'*3 ) 
— 14 = 1.4 f *^ *^® extreme limit of the coma. R. 0. 

Dea 19. Comet very faint; about 1' in diameter. Observations difficult owing to the nearness of 
small stars. Measured from the nf component of a double-star, A. 6. 23322 = D.M. + 60''-2331. 
The components are finely coloured full orange and bluish-green. 

Dec. 21. Comet very faint. 



Observations of Comets 1881 6, /, and g. 
Comet 1881 / (Dbnuing). 



43 



nAfA_iftAi 


DunEcht 
Mean Time 


Comet - • 


a Comet 


a Comet 


Obaemr 




Aa 


Aa 


Oct 9, 
„ 10, 
„ 12, 

„ 14, . 
„ 14, . 


16^ 45- 10- 
16 1 26 
14 58 14 
16 26 43 
16 50 25 


— 0» 8'-53 
+ 2 0-58 
+ 6 17-99 

+ 68-26 


+ 8' 26"-6 
+ 9 191 
+ 10 240 
+ 10 5-9 


9" 34-30'-25 
9 36 39-39 
9 40 50-85 

9 45 23-86 


+ 14° 48' l"-4 
+14 48 54-8 
+14 49 59-5 
+14 50 19-8 


B.C. 
J. Q. L. 
E.G. 
J. G. L. 



ADOPTED MEAN PLACES OF COMPARISON-STARS FOR 1881-0. 



1861 


a 


Redn. 


i 


Redn. 


Authorities 


Oct, 9, 
„ 10, 
„ 12, 
„ 14, 


9' 34-36-00 
9 34 36-00 
9 34 36-00 
9 44 22-76 


+ 2-78 
+ 2-81 
+ 2-86 
+ 2-85 


+ 14° 39' 51"-2 
+ 14 39 51-2 
+ 14 39 51-2 
+ 14 40 30-3 


_15"-3 

- 15-5 

- 16-7 

- 16-4 


B. W. IX. 


705-6 
929 



Oct. 9. 
Oct. 10. 
Oct. 12. 
Oct. 14. 



Remarks: 
Twilight j wires difficult to see. 



Diameter about 1''5. 

Comet pretty bright ; much brighter in the middle. Light clouds frequently passing. 
Comet V in diameter ; considerably brighter in the middle. 

The differences of R. A. and Decl. had to be taken separately, on account of the comet being 
rendered nearly invisible by the double set of wires. 

The comet hieus a small nucleus, apparently just as bright as on Oct. 10. 

Comet 1881 gr (Swift). 



Data— 1881 


DunEcht 
Mean Time. 


Comet — ♦ 


a Comet 


a Comet 


ObflerTtf 














Aa 


A2 








Nov. 22, 


15" 17"' 10* 


_ 2- 4"- 15 


- 12' 34" -2 


0" 52-22'-31 


+ 67° 60' 23"-9 


J. G. K 


„ 23, 


8 47 41 


_ 1 28-72 


+ 4 21-6 


45 49-91 


+ 66 48 17-6 


R.C. 


„ 24, 


7 66 19 


+ 3 0-02 


- 6 230 


38 5-21 


+ 65 23 57-5 


J. G. L. 


„ 25, 


11 29 


_5 63-04 


+ 3 5-8 


30 2-66 


+ 63 42 4-8 


if 


„ 28, . 


8 17 64 


_ 9-16 


+ 12-7 


14 17-06 


+ 69 24 55-8 


99 


Dec. 9, 


8 41 6 


_ 617 


+ 4 47-7 


23 45 7-65 


+ 44 1 40-5 


99 


„ 19, • 


7 33 54 


+ 24-14 


+ 6 64-1 


23 37 1-53 


+ 33 12 45-0 


R. C. 


„ 26, . 


11 9 21 


_ 12-22 


+ 3 9-4 


23 35 39-67 


+ 28 3 12-8 


J. G. L. 





ADOPTED MEAN PLAGES OP COMPARISON-STARS FOR 1881-0. 


1881 


a 


Redn. 


S 


Redn. 


Anthorities 


Nov. 22, 


0* 


64- 


18'-96 


+ 7'-50 


+ 68° 


2' 


20" -0 


+ 


38"-l 


Boim. Beob. VI + 67<'-89 


„ 23, 
„ 24, 






47 
34 


11-57 
68-65 


+ 7-06 
+ 6-64 


+ 66 
+ 66 


43 
29 


17-2 
40-5 


+ 
+ 


38-9 
40-0 


A. 0. 844. 

U. S. Naval Obe. Cat No. 327 


„ 25, 
„ 28, 






36 
14 


49.37 
20-79 


+ 6-33 
+ 6-43 


+ 63 
+ 69 


38 
24 


19-0 
1-6 


+ 
+ 


40-0 
41-5 


A. 0. 630 

D. M. + 59''-37, connected with 
A. 6. 212 


Dec. 9, 

„ 19. 
„ 26, 



23 
23 
23 

23 


12 
45 
36 
36 

36 


56-66 

9-69 

33-50 

48-09 

28-66 


+ 4-23 
+ 3-89 
+ 3-80 


+ 59 
+ 43 
+ 33 
+ 27 

+ 28 


26 

56 

6 

69 

3 


65-3 
12-3 
13-5 
28-0 

40-2 


+ 
+ 

+ 


40-5 
37-4 
36-4 


A. 0. 212. 

B. W. XXni, 929 

781 
D.M. + 27°-4598 connected with 

B.W. XXIII, 776 
B. W. XXni, 776 



44 Recent Literature. 

Remarks : 

Nov. 22. Observed with 6-inch Simms Refractor, as it was deemed inadvisable to open the dome of 
the 15'06-inch Refractor on account of the strong gale then blowing. 
Nov. 24. The comet is fairly bright ; diameter about V. 
Nov. 25. Comet round; diameter = I'-S. 

Nov. 28. There is a bare possibility that there is an error of a wire-interval in this observation. 
Dec. 9. Comet fia.int ; but not very difficult to observe. 
Dec. 25. Comet faint 
The observers' ioitials, R. C. and J. G. L., iadicate respectively R. Copeland and J. G. Lohse. 



Corrections to the Observations of Comet c, 1881. 

Yol. I, page 236, line 3 from bottom, column ^^,/or — 0' 18"-9 read + 0' 18" -9. 
line 2 from bottom, columns Aa, a Comet and ^ Comet, 
for - 0» 2--22 5>» 56» 19--46 + 41° 55' 29"-l 

read - 0" 2'18 5»» 56» 19--50 -f 40° 55' 29"-l 



RECENT LITERATURE. 



" Account of Observations of the Transit of Venus, \ 874: December 8, made under 
the Authority of the British Government, and of the Reduction of the Observations. 
Edited by Sir George Biddell Airy, k-CB. PHnted for H. M. Stationery Office, 
1881." (532 pp. 4to with 17 plates.) This publication is divided into five parts 
containing respectively jthe observations made by the expeditions to the Sandwich 
Islands, Egypt, Rodriguez, Kerguelen Island and New Zealand. In the preface a 
rapid historical sketch of the preparations and of the reduction of the observations 
is given. The latter was entrusted to Col. Tupman who in the autumn of 1880, on 
leaving the country, handed over to Sir George Airy the calculations and intro- 
ductions for each station and the printed sheets for the observation-districts of the 
Sandwich Islands and Egypt. The observations and reductions for these two 
districts had been printed in great detail, but as they could serve as specimens of 
the operations. Sir George Airy determined to print the remainder in the condensed 
form suggested in his paper in the Monthly Notices, XXXV., p. 288. The reduced 
observations are found near the end of each part, the equations being given in the 
shape which admits of combination in the easiest way for the computer's operations 
when he has decided on the recorded phase of contact of limbs which he thinks 
best to adopt. In an appendix is given a general account of the photographs with 
sufficient details on the instruments. Most of the plates serve to illustrate the 
different phenomena of contact. 
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ON THE THEOEY OF THE SIDEREAL SYSTEM PROPOSED BY 

MR MAXWELL HALL. 

By W. E. PLUMMER. 

To the 43rd Volume of the Memoirs of the Royal Astronomical Society Mr. 
Maxwell Hall contributed an elaborate paper on the Sidereal System, in which it 
is attempted to connect Proper Motion with Annual Parallax^ and with the 
observed radial velocity of the fi^ed stars, and to determine the form of the solar 
orbit and the law of force by which it is governed, as well as the position and 
distance of the centre of the Sidereal Universe. Mr. Hall lays down the proposition, 
that whatever be the attracting power, if suflGlciently great to retain the Sun in its 
orbit, it must have the same effect on the neighbouring stars, so that the Sun and 
the fiearer stars must move in orbits about the same point : the centre of the 
sidereal system. Mr. Hall was perfectly aware that the inaccuracy, in some respects, 
of the data at his command necessarily introduced some insecurity into the final 
result at which he arrived, but was tempted to publish his theory in its incomplete 
form, trusting that the interest of the inquiry would induce astronomers to supply 
data in that particular direction, which could be made available for the purposes 
of the investigation. 

The theory, as given, is susceptible of two tests, the materials for one of which 
will be supplied very slowly, the other and perhaps the less reliable with consider- 
able rapidity. The one depends upon the determination of the annual parallax of 
stars, and from the labour involved in the necessary observations, a considerable 
time must elapse before we are in possession of a suflficient number of trustworthy 
determinations to be able to apply a decisive and final test in this direction. The 
other test is supplied by the observation of the radial velocities of the stars, or 
their motion in the line of sight, and as this element is readily, if not very precisely 
determined by spectroscopic means, a mass of information, more or less reliable, is 
already in our hands, and with which the theory may be conveniently compared. 
The greater portion of this latter class of information, including the continued 
series made at the Royal Observatory, Greenwich, has been made since Mr. Hall 
published his investigation, and it will, therefore, not be undesirable to compare 
these recent results with those derived from his theory, and see whether it will 
bear the strain which our recently acquired information will put upon it, and 
further to examine whether the theory be in such a state of completeness that the 
constants involved may be improved by recognised mathematical methods. 

It will not be necessary here to enter into any lengthy description of the methods 
employed by Mr. Hall, seeing that they are given with such complete detail in the 
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43rd Vol. of the Memoirs ; it will be sufficient to mention the results which he finally 
adopted^ and which involve the constants that have been used in the following 
computations. Mr. Hall has rejected the hypothesis of a material central Sun^ and 
has supposed the Sun and stars to move in circular orbits round their common 
centre of gravity, of which the position when viewed from the Sun and referred to 
the equinox of 1850 is — 

RA. 9« 15' 
N.P.D. 63 28, 

and consequently the direction cosines, expressed in tiie notation of Mr. Hall by 
L, M, and N, are respectively — 

[— 9-94601] 
[-. 9-15806] 
[— 9-64992] 

The velocity (v) of the Sun in its orbit is expressed by 9*9430, the unit of 
measurement being the radius of the Earth's orbit, and the value of the parallax of 
the centre of the system (n) has been ascertained to be 0" '00665. 

For the apex of the Solar System, referred also to the Equinox of 1850, the 
position — 

ILA. 259° 5r 
KP.D. 56 21 

is chosen, which is a mean of the two results given by Sir George Airy in VoL 
XXVIIL of the Memoirs, combined with the positions found by Argelander and 
Mr. Galloway. The direction cosines of this point are — 

X = [- 916642] 
^ = [_ 9-91350] 
y = [+ 9-74360] 

By the aid of these constants the annual parallax and the change in distance 
from the Sun, expressed in terms of the radius of the Earth's orbit, have been 
computed by a tentative process, and the results are given in the following tables. 
I originally intended to confine myself to the comparison of the Spectroscopic 
results with the theory, because Mr. Hall, having in the Monthly Notices for 
December, 1878, returned to this question, had apparently considered those 
instances of observed parallax which were either inadvertently omitted in the 
original memoir or were unknown at the date of its publication. Since this latter 
date, however, some instances of noticeable parallax have been detected, and, 
moreover, as in some instances quoted by Mr. Hall, the proper motions have not 
been derived from the most trustworthy sources, I have incorporated into one table 
the whole of the comparisons not given in the first paper. In one instance (Lai. 
21185) the parallax computed by Mr. Hall seems to be erroneous. At least I am 
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not able to reproduce his figures. On page 1 32, Vol. XXXIX. of the Monthly Notices, 
log dl is given as 0*18865. From the proper motions cited, combined with the 
coordinates of the star, log dl is 0*40545. The resulting parallax is of course 
greatly different from that given on the same page. For the purposes of comparison 
I have followed slarictly the notation given in the paper in the ' Memoirs,' and have 
arranged the tables not quite so fully in matter of detail, but strictly on the same 
lines as those there given. 

Table I. 



Vn 


fltAr*« WfttncL 


Mag. 


B.J 


L. 


N.P.D. 


Proper Motion 


Proper Motion 


Aothority for 


XV o. 


ouv 9 amiui9* 


186a 


1860. 


inRA. 


in N.P.D. 


Proper Motion. 


1 


ti OumopevBe, 


i 


10° 


1' 


32° 69' 


+ 1"-98 


+ 0-49 


Q. 


2 


ft CaasiopeuB, 


6-6 


u 


36 


35 49 


4- 5-79 


+ 1-66 


G. 


3 


Castor, . 


2-1 


111 


16 


67 47 


_ 0-20 


+ 0-079 


D. 


4 


Oroomb. 1618, 


6-6 


160 


33 


39 47 


_ 2-086 


+ 0-601 


A. 


5 


LaL 21186, . 


7-8 


163 


47 


53 2 


— 0-675 


+ 4-72 


A. 


6 


Lai. 21268, . 


8-6 


164 


28 


46 42 


— 6-00 


— 0-94 


A. 


7 


OeltMn 11677, 


9-6 


168 





23 20 


_ 7-606 


-0-21 


... 


8 


j3 Oentaori, . 


1 


208 


19 


149 39 


- 0-162 


+ 0-053 


N. 


9 


y Draconis, . 


2-3 


268 


16 


38 29 


+ 0-038 


+ 0-037 


D. 


10 


Bradley 3077, 


6 


346 


31 


33 40 


+ 3-77 


— 0-27 


A. 


11 


86 Fegatd, . 


6 


368 


36 


63 43 


+ 0-98 


+ 0-986 


A. 



The magnitudes given in this table have been taken, wherever it has been 
possible, from the Atlas Coelestis Novus (1872) of Dr. Heis, and the letters in the 
column headed * Authority for Proper Motion' have reference to the following 
catalogues : — 

A. Untersuchungen iiber die Eigenbewegungen von 250 Sternen (Bonn 
Observations, Vol. VII.) 

D. Sterntafeln, enthaltend die Positionen von 46 Fundamental Sternen, von Dr. 
O. Danckwortt(Vierfceljahrsschriftder Astronomischen Gesellschaft, 1881). 

G. Greenwich 9 year catalogue of 2263 stars for 1872. 

N. Catalogue of 1098 standard clock and zodiacal stars, prepared under the 
direction of Simon Newcomb. 

The proper motion of Oeltzen 11677 is given by Dr. Geelmuyden in 
Astronomische Nachrichten, No. 2287. 

From the data given in Table I. combined with the constants given on page 3, has 
been computed the parallax (tt) given in the following Table — 
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Table IT. 



Ho. 


Star's Name. 


Compated 
ParalUx w. 


Observad 
Parallax. 


dw sO - C. 


Aathoiity 

for obserred 

ParaUax. 


1 


1) OassiopeuB, 


0"-065 


0"-164 


+ 0"-089 


0. Strove 


2 


fi Caaaiopeue, 


0199 


0-342 


+ 0-143 


0. Strove 


8 


Gastor, 


failfl 


0-198 


• •• 


Jolmson 


4 


Groomb. 1618, . 


fails 


0-334 


• •• 


Ball 


6 


Lai. 21185, 


1119 


0-501 


— 0-618 


Winnecke 


6 


Lai. 21258, 


fails 


0-271 


• « • 


Kroger 


7 


Oelteen 11677, 


1-219 


0-27 


- 0-95 


C^eelmayden 


8 


j3 Centauri, 


0-002 


0-213 


+ 0-211 


Moesta 


9 


y Draconis, 


0-014 


0-092 


+ 0078 


a • • 


10 


Bradley 3077, 


0-127 


0-069 


- 0-068 


Briinnow 


11 


85 Fegasi, 


0-072 


0-054 


- 0-018 


Briizmow 



Of the amount of agreement or discordance between the results presented in this 
latter table, individual judgment must decide. It is not possible to get any result 
in three cases out of the eleven stars considered, and in three others the want of 
accordance is considerable and may be thought greater than any possible error in 
the determination of the parallax warrants. At the same time it must be 
remembered that most of the stars here given are remarkable for large and irregular 
proper motion, and, moreover, it is not contended that all stars are necessarily of the 
same dynamical system as the Sun. Neither are the stars all equally well situated 
for the application of the method. Castor, one of the decided failures, was excluded 
by Mr. Hall from his first catalogue (nor is it referred to in the 'Addenda') on 
account of its unfavourable position, and, as far as I know, the value of the observed 
pai*allax given by the late Mr. Johnson has not been confirmed. The Parallax ot 
fi Centauri is also extremely doubtful,* the difference between the determinations 
of Maclear and Moesta (0'''257) is greater than that between Moesta's value and 
that computed from the theory. The parallax of Oeltzen 1 1677, though probably 
very much smaller than that given by the theory, is regarded by Dr. Geelmuyden 
as extremely doubtful. On the other hand, the two accordant values which Dr. 
Winnecke has found for the parallax of LaL 21185, mark this star as one whose 
parallax has been best determined, and yet here we have a considerable disagree- 
ment in the two results. In the case of Groombridge 1618 we have a complete 
failure. The comparative proximity of these two stars to the Sun makes the failure 
in these two cases- important. 

In the Table given on page 191 of the Memoirs, Vol. XLIIL, fifteen stars 
are compared. (I exclude Lalande 21258, for which an erroneous value is 



* In A recent number of * CoperniciiB * there is, however, reference to an ezhaastive paper by Dr. EUcin on the p— ^ifn of 
this star (Vol. I., p. 78). *^ 
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given, owing to the proper motion in North Polar Distance being affected 
with a positive sign) and of these, three having been used for the derivations 
of the constants must be excluded, so that there remain but twelve distinct test 
cases. Of these, four give either a negative or inadmissible result, so that 33 per 
cent, have failed. This proportion large as it is, does not prevent Mr. Hall prose- 
cuting the inquiry hopefully, and though the proportion of failures in the instanceisi 
now quoted is something larger it may still be thought that the evidence is incon- 
clusive. Mr. Hall^ indeed, with the greater portion of this later evidence before 
him, contends that ^' these additions are for the most part satisfactory and confirm 
the Theory as formerly explained.'* 

We have now to consider the evidence supplied by Spectroscopic Observations. 
This method of observation had been applied to only a few stars at the date of the 
publication of the Theory, or of the ' Addenda,' and of those few, one-half were 
considered inadmissible by Mr. Hall as tests of his deductions. Admitting the 
accuracy of the observations, two objections may be raised to the acceptance of the 
evidence which the Spectroscope affords. One objection is, that in a great many 
instances, the observed Proper Motion is so small as to be untrustworthy, both in 
amount and direction, and that consequently very small and possible alterations 
would lead to very different results. Instances of this will be found in the computed 
values of n, given by Mr. Hall in the Monthly Notices, and those given in this 
paper that have been derived from slightly different data. The other is that this 
theory is only intended to apply to those stars which being near to the Sun may 
fairly be supposed to be brought within the influence of the same immense 
attractive power (whatever be its character) that retains the Sun in its orbit. The 
computed parallax is in most of the cases here submitted so small that this latter 
objection has considerable force. Of the uncertainty introduced by the delicacy 
and diflBculty of the observation it is not necessary to remark ; the probable error 
of the measure frequently bearing no inconsiderable proportion to the total amount 
of displacement measured. 

In the Greenwich " Spectroscopic and Photographic Results, 1880,'* recently 
published, is collected the whole of the measures which have been made at the 
Eoyal Observatory during the six years 1875-1880. This catalogue, containing the 
measures of the displacement of certain lines in the spectrum of 90 stars, is the 
only one I have consulted for the purposes of this comparison. . Of these 90 stars, 
some are excluded as having been already submitted to examination by Mr. Hall, 
but the greater portion have so small a proper motion that they, are useless for this 
purpose. There remain but 40 stars for further examination, and the necessary 
data for computing the radial velocity with the deduced results are given in the 
following tables — 
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Table III. 














Wa. 


StAr'ii N'amA. 


Mag. 


K.A. 


N.P.D. 


Proper Motion 


Proper Motion 


Aathority for 


JnO* 


OUU J^IUllva 


186a 


1860. 


inlLA. 


in N.P.D. 


Proper MotioB. 


1 • 


a AndromedsBi 


2 


0° 


9' 


61» 


44' 


+ 


0'1661 


+ 0*1669 


N 


2 


/3 Oassiopeua, 


2 





18 


31 


41 


+ 


0-945 


+ 


019 


O 


3 


a Ca88iopei»y 


(Var.) 


8 





34 


17 


+ 


01017 


+ 


0-0364 


i(N + D) 


4 


/3 Andromeds9y 


2-^ 


15 


20 


55 


11 


+ 


0-2277 


+ 


01221 


N 


6 


/3 Arietis, 


3 


26 


36 


69 


56 


+ 


0-0886 


+ 


0-1179 


N 


6 


a ArietiSy 


2 


29 


41 


67 


16 


+ 


0-2124 


+ 


0-142 


mi\ 


7 


oOeti, 


2-3 


43 


37 


86 


30 




00169 


+ 


0-0929 


8 


a Persei, , 


2 


48 


24 


40 


41 


+ 


0-074 


+ 


0-410 


D 


9 


/3 Tauri, 


2 


79 


12 


61 


31 


+ 


00886 


+ 


0-1863 


i(N + D) 


10 


y Geminoroni) 


2-3 


97 


16 


73 


29 


+ 


0-0397 


+ 


0-0476 


N 


11 


/3 Oanis Minoris, . 


3 


109 


45 


81 


26 




0-060 


+ 


006 


G 


12 


Castor, . 


2-1 


111 


15 


67 


47 


1 


0-200 


+ 


0-0788 


4(N + D) 


13 


Pollux, . 


1-2 


114 


2 


61 


37 


^_ 


0-7001 


+ 


0-0610 


l(N + D 


14 


a Hydrse, 


2 


140 


3 


98 


1 


.1.. 


0-0120 




0-0326 


KN + D) 


15 


c Leonis, 


3 


144 


20 


65 


32 


— 


0-0648 


+ 


0-0217 


N 


16 


fi UrssB Maj., . 


2-3 


163 


11 


32 


49 


+ 


0-160 


._ 


0-03 


O 


17 


a Ur8» Maj., . 


2 


163 


37 


27 


27 




0-273 


+ 


0-0799 


J(N + D) 


18 


6 Leonis, 


3-4 


166 


36 


73 


46 


^_ 


0-075 


+ 


0-06 


G 


19 


X UrssB Maj., . 


4-3 


174 


32 


41 


23 


^^ 


0-195 




0-02 


G 


20 


a UraiB Maj., . 


4-3 


182 





32 


8 


+ 


0-226 


+ 


0-04 


G 


21 


y Virginis, 


3-2 


188 


31 


90 


38 


_ 


0-5693 


+ 


D-0066 


N 


22 


c UrssB Maj., . 


2 


191 


51 


33 


13 


+ 


0-196 


+ 


0-05 


G 


23 


3 Virginis, 


3 


192 


1 


85 


47 


^^ 


0-46 


+ 


0-09 


G 


24 


a Oanum Ven., 


3-2 


192 


15 


60 


62 


^_ 


0-2942 




0-0483 


N 


26 


c Virginis, 


3-2 


193 


41 


78 


14 


— 


0-270 


— 


0-03 


G 


26 


( UrssB Maj., , 


2 


199 


28 


34 


17 


+ 


0-265 


+ 


004 


G 


27 


fl Unw Maj., . 


2 


206 


24 


39 


66 


_ 


01636 


+ 


0-0243 


J(N + D) 


. 28 


fl Bootis, • • 


3 


206 


63 


70 


51 


^^ 


0-0726 


+ 


0-3608 


N 


29 


/3Ur8«Min.,. 


2 


222 


48 


16 


14 


«. 


0104 


+ 


0-045 


i(N + D) 


30 


c Serpentis, , 


3-4 


235 


60 


86 


4 


+ 


0-160 




0-07 


G 


31 


y Herculis, . 


3-4 


243 


49 


70 


29 


— 


0-06 


^.^ 


0-06 


G 


32 


i Herculis, 


3-2 


248 


64 


68 


7 


— 


0-610 





0-45 


G 


33 


a OpMuchi, . 


2 


261 


69 


77 


20 


+ 


01173 


+ 


0-2207 


i(N + D) 


34 


{ Draconis, . 


3-4 


267 


44 


33 


6 


+ 


0-21 




0-06 


G 


36 


y Draconis, • • 


2-3 


268 


16 


38 


29 


+ 


0-038 


+ 


0-037 


D 


36 


2 Aquils, 


3-4 


289 


29 


87 


11 


+ 


0-2416 




0-0758 


N 


37 


e Oygni, 


3-2 


310 


2 


66 


35 


+ 


0-436 


__ 


0-32 


G 


38 


a Oephei, 


3-2 


318 


46 


28 


3 


+ 


0-3331 


.^ 


0-0413 


mil 


39 


Fomalhaut, • 


1-2 


342 


20 


120 


25 


+ 


0-3640 


+ 


0-1660 


40 


fi Pegasi, 


(Var.) 


344 


8 


62 


44 


+ 


0-210 




0-15 


G 
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Compntod 


Oliaemd 




BrotMOiIe 


Ko. of 


Ko. 


Computed 




(ft 


1- 


0-C. 


error of the 


obaerred . 




w» 






obMrratloiL 


mMSOTM. 


1 


0"-016 


66-67 


_ 1-81 


— 12-1 


- 10-29 


+ 1-20 


18 


2 


0-032 


31-40 


_ 7-01 


+ 12-8 1 


+ 19-81 




3 


3 


0-002 


663- 


_ 0-14 


+ 7-91 


+ 8-04 




4 


4 


0016 


68-20 


+ 0-26 


+ *-l 


+ 3-85 




6 


5 


0011 


87-72 


+ 4-86 


— 4-6 . 


— 9-36 




8 


6 


0-017 


69-63 


+ 6-00 


— 5-2 


— 11-20 




7 


7 


foils 


, , 


, , 


_ll-7t 


, , 




4 


8 


0-014 


72-43 


+ 3-61 


+ 7-9 


+ 4-29 




4 ' 


9 


0027 


37-73 


+ 13-01 


— 5-2 


— 18-21 




7 


10 


0-008 


123-3 


- 3-20 


+ 3-4 


_ 6-60 




4 


11 


&ilB 






_ 6-2 1 






3 


12 


fails 






+ 9-3 




•H-17 


16 


13 


fails 






I 9-3 




+ 0-93 


34 


14 


fails 






+ 13-1 






5 


15 


fails 






_ 4-5 






6 


16 


0-108 


9-22 


_ 2-41 


+ 8-3 


+ 10-71 


+ 1-37 


16 


17 


0-079 


12-67 


— 11-63 


_ 7-2 


+ 4-33 




4 


18 


0-002 


615- 


_ 2-69 


+ 2-8 1 


+ 5-39 




3 


19 


0-006 


171-2 


+ 2-21 


+ 12-1 1 


+ 9-89 




2 


20 


0-065 


16-47 


_ 7-10 


+ 3-8 


+ 10-90 




6 


21 


0-031 


32-71 


- 0-40 


+ 3-11 


+ 3-60 




8 


22 


0043 


23-09 


_ 7-47 


+ 6-6 


+ 12-97 


ii-oo 


10 


23 


0021 


47-12 


— 3-61 


+ 19-71 


+ 23-31 




2 


24 


0-013 


77-69 


— 0-61 


_ 10-31 


— 9-79 




4 


26 


0-014 


73-94 


_ 1-68 


_ 9-6 


— 7-92 




4 


26 


0064 


18-62 


— 4-62 


+ 7-6 


+ 12-22 




6 


27 


0-004 


244- 


_ 13-04 


— 41 


+ 8-94 




6 


28 


0-028 


36-09 


— 12-39 


-11-7! 


+ 0-69 




2 


29 


0-002 


417- 


— 18-38 


+ 10-0 


+ 28-38 




6 


30 


Note 


sult 


• • 


+ 11-4 


• - 




4 


31 


0-003 


289- 


— 8-66 


— 10-31 


— 1-64 




4 


32 


0-058 


17-16 


_ 7-94 


+ 7-9 


+ 15-84 




3 


33 


0-017 


67-64 


- 7-72 


+ 2-8 


+ 10-62 


+ 1-62 


19 


34 


0-037 


27-32 


- 18-22 


+ 3-41 


+ 21-62 




2 


36 


0-014 


70-69 


— 17-66 


_ 6-9 


+ 11-66 


+ 0-96 


10 


36 


0-109 


9-21 


_ 16-16 


+ 6-21 


+ 21-36 




2 


37 


0-049 


20-69 


_ 11-21 


+ 6-6 


+ 16-71 




8 


38 


0-016 


64-49 


_ 13-92 


— 21-41 


_ 7-48 




2 


39 


0-021 


48-42 


_ 2-97 


+ 1-71 


+ 4-67 




6 


40 


0*062 


16-20 


_ 106 


+ 6-9 


+ 7-96 




9 



The separate columns of these tables require but little explanation. The remarks 
that were made on Table I. are equally applicable to Table III. In Table IV., p^ 
gives the distance of the star in terms of the distance of one whose parallax is one 
second of arc: a very convenient unit of measurement. The sign minus, in the 

column ^, implies that the star is approaching the Sun, and the velocity is expressed 
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in terms of mean radii of the Earth's orbit per annum. To obtain the velocily in 
miles per second^ the quantity usually given in the catalogues, it is necessary to 

multiply ^ by 2*9, The probable error of the observations (expressed in the same 

unit) is given wherever it was determined by the Greenwich Authorities, and the" 
symbol (?) attached sometimes to the observed velocity is that used in the 
Greenwich volume. 

I think the study of the column (O — C) is disappointing^ and that it will 
generally be admitted that no connexion can be traced between the observed and 
computed quantities. It might have been expected that in 33 cases in which it 
was possible to compute the velocity, some sixteen would have agreed in direction, 
since the signs + and — were presumably likely to occur with equal frequency, and if 
the theory was to receive any support from spectroscopic observations a far greater 
proportion than 50 per cent, would have been required. As a matter of fact only 
twelve agree in ^gn, and these are by no means the twelve that have been most 
frequently observed and whose measures are consequently the most reliable. The 
only two which agree, nearly in amount as well as in direction, are y Herculis and rf 
Bootis, and both "these are marked with the symbol of uncertainty. 

Before leaving this subject it will be not uninteresting to place in juxtaposition 
with the parallaxes computed by this method those that Dr. Klinkerfues* 
computed from the motion in the line of sight obtained by Dr. Huggins in his 
earlier researches^ 





Klinkerfuea 


Hall. 


j3 Una Majoris 
i TTrste Majoris 
e Urwe Majoris 
( T7rs«e Majoris 


O'OIO 
0024 
0030 
0043 


0'-108 
0065 
0043 
0-054 



But one other point remains to be considered, namely, whether it be practicable 
to derive any improved values of the constants^ which when introduced into the 
equations shall make the agreement between theory and observation more con- 
spicuous and satisfactory. A preliminary question, however, is whether the theory 
is in such a state of completeness, and whether the quantities are known with 
sufficient approximation to permit a unifoi-m and general method being applied, 
for if the position or distance of the centre, or the velocity in the orbit, should be 
greatly in error it is by no means certain that least squares, or any analogous 
method, would necessarily tend to correct their supposed values. The constants 
used have been determined, it will be remembered, from a discussion of the proper 
motion and parallax of three stars only, viz., a Centauri, 61 Cygni, and Sirius. It 
was Mr. Hall's intention to make use of ten stars, and if these ten had been 
employed, the result would no doubt have been entitled to greater confidence. It 
is by no means clear why this method was abandoned. Mr. Hall says that the 

* Nachrichten von der KOnigl. Gesellschaft der 'Wusenschaften nod der G. A. Uniyersitlit zu GOttingen, 1873, JunL 
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equations founded upon two of tiie stars (which I understand to be Lalande 21258 
and 34 Groombridge) failed to give a consistent result when compared with the 
other eight. Of these two, one, Lai. 21258, had been introduced through an error, 
and should not have been included. The other could have been rejected on the 
same grounds that had already been sufficient to suppress four or five others. Mr. 
Hall, however, preferred to reject *' the generality of the method " and to depend 
upon the three stars already mentioned, which give three equations, from which 
corrections to L, V, and n can and have been obtained. The equation derived 
is as follows — 

a Oentanri . . . + 3799 AL + 0-093 AV + 8-261 AO + (r-107 == 
61 Cygni . . . •. 0-359 AL + 0-042 AV — 0-656 AH - 0-008 = 

Sirius ... — 4-538 AL + 0-037 AV + 16-447 AD + 0-036 = 

The independent term in these equations is derived by subtracting the parallax 
computed from the proper motion from the observed parallax. A considerable 
discretion is allowed to the investigator in deciding on the observed parallax. 
Mr. Hall has accepted, in the three instances, respectively, 0"'936, 0''*422, and. 
0"210 perfectly legitimate assumptions, but not necessarily exact. From a 
discussion of the most reliable determinations of stellar parallax, quoted in Nature 
(Vol. XV., p. 86), the following values were obtained — 



a Oentauri 


• • 


. 0''928 


61 Cygni 


• 


. 0-553 


Sirius 


• • 


. 0193 



quantities which do not differ materially from those quoted by Mr. Hall, but 
which, if substituted in the equation given above, give the following values of the 
corrections — 

AL = + 0-0176 
A V « — 2-6297 
AH «*+ 0-0097 

, whereas the corrections derived in the first instance were — 

AL = - 00144 
A V = - 00266 
AH = — 00060 

The great variation in the derived corrections is sufficient to show the insecurity 
of the method employed, and does indeed suggest another reason for distrusting 
the results at which Mr. Hall has arrived. It is evident that very slight alterations, 
in the adopted parallax, might have given rise to either an impossible cosine or to 
a negative value of n. Any attempt to compute minute corrections to this 
preliminary result seem to be premature and would probably be disappointing. 

XJniveraity Observatory, Oxford, 
1881, Feb. 28. 
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Positions ofNebulcB. 



POSITIONS OF NEBULiE. Series H. 
By C. H. F. peters. 

In a former communication to this Journal (Vol. I., p. 51), I have given the 
positions of some nebulae as read from part of my manuscript charts. Before 
continuing that series I. have thought it well to publish a short list of nebulsd 
determined occasionally, either by the filar micrometer or by the ring micrometer, 
or simply after the manner of d' Arrest by putting nebula and comparison star into 
the centre of the field and reading off the circles. These various classes ot 
determinations are indicated in the fourth column by j^., r, or only by a number in 
brackets, and they may besides be distinguished by the degree of accuracy with 
which the Kight Ascensions and DeclinatioDS are given^ no significance being, 
however, claimed for the last figure. 

The positions are given for 1860'0, and where not otherwise stated in the notes, 
their agreement with those of the '* General Catalogue" is close. The figures 
following the authority for the star are the measured differences in a and 8 
(corrected for refraction, but not for precession, &c.), taken in the sense nebula 
minus star. 



OenXsL 


B.A. 


Decl. 


Compar. 


Date. 


Notes. 


440 


1* 


48" 


' O-T 


_ 9» 


42' 0" 


4r. 


1881, Jan. 


20, 


About this neb. and the two follow- 
ing ones see Astr. Nachr. 2366. 


441 


1 


49 


27-9 


_ 9 


44 68 


•4r. 


1881, Jan. 


20, 





Nova 


1 


63 


63-8 


_ 9 


41 4 


2r. 


1865, Feb. 


27, 


Found independently by Tempel 
in 1879, see Astr. N. 2347. 


>9 






641 




40 56 


4r. 


1881, Jan. 


20, 





674 


2 


31 


38-5 


_ 7 


16 68 


4r. 


1880, Dec. 


29, 


Met with in sweeping for a oomet 
reported to have been found by 
Mr. Cooper in England (A.N. 
2361). 


847 


4 


17 


38 


+ 64 


321 


(2) 


1860, May 


u, 


1202 


5 


29 


37-8 


- 6 


48 33 


2r. 


1861, Mar. 


28, 


LL 10396 - W. 5^-609, + 6" 
4-87 + 32"-8. 


1923 


9 


39 


31 


-30 


31-3 


(1) 


1869, Apr. 


3, 


L, 8', R, central planetary disk. 


1949 


9 


43 


64-83 


+ 69 


43 21-6 


Ifil. 


1863, June 


9, 


M. 81. * Arg. + 69^-640 + 2- 
19-02 + V 23-'-5. 


1960 


9 


44 


4 


+ 70 


22 18 


2fiL 


1863, June 


9, 


M. 82. A streak V long, 35" 
broad, mbp, in the M a knot 
with a B point. * DM + 70", 
687 + 26-60, + 2' 12'-2. 


Nova 


9 


48 


12 


-26 


2-3 


{^\ 


1859, Apr. 


3, 


L, pB, irr. oblong. 


» 




47 


54 




3-0 


2 


1880, Mar. 


2, 


— 


1981 


9 


52 


3 


-26 


14-3 


(1) 


1859, Apr. 


3, 


— 


2301 


10 


68 


38-9 


+ 


43 9 


6r. 


1860, Feb. 


21, 


♦ W 10^ 1019 = Lam. 3186 = 
Y 4624 + 1» 47-82, ^ 13'-8. 


3092 


12 


28 


6 


- 3 


1-0 


(1) 


1869, Mar. 


2, 


— 


3198 


12 


37 


67 


+ 


17-7 


IJJ 


1859, Mar. 


2, 


L. 


3214 


12 


40 





_ 1 


58-3 


1859, Mar. 


2, 


S, a little oblong. 


3221 


12 


41 


7 


- 2 


33-8 


(1) 


1859, Mar. 


2, 


vF. 


3337 


12 


52 





-14 


16-2 


(2) 


1859, Apr. 


27, 


B. 


3420 


13 


1 


31 


-14 


46-2 


(1) 


1859, Apr. 


27, 


S, F, a star surrounded by neb- 
ulosity. 


3465 


13 


7 


65 


— 15 


38-2 


(1) 


1859, Apr. 


27, 


Globular. 
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Q«n.Cat. 


R.A. 


DecL 


Compar. 


Date. 


Notes. 


'6866 


17* 


26- 


37-7 


+ 7» 


9' 


60" 


2r. 


1869, Aug. 


20, 


S, F. 'W. 17''-494 - TAin. 
2552 = Schj. 6282. _ 1- 
8-62 J _ 6' 66"-6. 


99 




26 


37-6 




9 


59 


2r. 


1859, Aug. 


21, 


* Same. - 1- 8-75 ; — 6' 47"-8. 


4308 


17 


26 


24-30 


+ 16 


29 


33-4 


6fiL 


1878, July 


8, 


*W. n^-Sn, 818. _ 59-58; 
+ 4' 17"-4. The position of 
Gen. Oat 26- 3-6 ; 30' 57''-6 
rests upon a single observation 
of Sir W. HerscheL 


4326 


17 


37 


51 


+ 3 


16 


12 


2r. 


1869, Aug. 


21, 


L, F. *DM + 3<'-3481 (undetei^ 
mined). +1-16-4; + 1' 18". 






















» 




38 


0-2 




14 


17 


Ir. 


1869, Sept. 


18, 


*TAm. 2707. 4-4-76; +6 

16"-3. 
vS, BM. *TAm. 2763. 1- 


Nova 


17 


46 


54-6 


1- 4 


12 


9 


4r. 


1859, Aug. 


21, 






















3-16; + 6"-4. 


4369 


17 


66 


39-7 


— 


17 


43 


2r. 


1859, Sept. 


23, 


* Cop. and BOrg. 4913 = Lam. 
5967 = Santini 976. — 2- 
16-12; + 9- 32"-6. [W. 
17*1240 is more than 2' too 
small in Dec!.] 


4473 


19 


4 


6-5 


+ 


48 


8 


Ir. 


1869, Sept. 


26, 


Round, large, cometary. *Lam. 
6623 and J»m. 6650-Schj.7194. 


» 




4 


5-0 




48 


16 


4r. 


1869, Sept. 


26, 


Beautiful night ; neb. like a. d. of 
very fine stars. * W. 19''-40 ». 
Lam. 6639. +44-94; +l'64"-2. 


» 




4 


3-00 




48 


6-6 


2fil. 


1880, Oct. 


28, 


The neb. faint, in haze near the 
horizon. *W. 19*-40. +41-79; 
+ 1' 40"'4. 


4487 


19 


11 


3608 


+ 6 


17 


8-3 


lOfil. 


1880, Nov. 


26, 


L 5', not vF, though pale; Sir 
John calls it a planetary neb. 
*Schj. 7262. + 1- 61-69; 
- 3' 68" 1. 


4610 


19 


36 


4-24 


-14 


28 


62-9 


6j2fiL 


1864, July 


16, 


Planetary neb. * Lam. 2984 i- 
Schj. 7545. + 55-41 ; + 4'34"-3. 


4861 


22 


44 


22-3 


- 6 


17 


60 


Ir. 


1860, Nov. 


7, 


P. * W. 22*-995 (only 1 comp,, 
neb. north and star south in ring). 


4879 


22 


63 


7-9 


+ 16 


13 


46 


8r. 


1881, May 


23, 


* DM. + 16''-2742 (det from 3 
Bessel stars). _ 9"-97; + 23"-9. 


Nova 


22 


54 


9-2 


- 7 


6 


21 


Ir. 


1860, Nov. 


7, 


S,B, close to an 11- stamp. *Y. 
10028. 


4928 


23 


10 


48-3 


— 6 


24 


63 


12 r. 


1865, Aug. 


13, 


*Anon. det by comp. -with W. 
23''-280 (Rado. obs. andPulkowa). 
_ 59-20 ; — 18"-6. 


4966 


23 


17 


47-7 


+ 14 


30 


24 


16 r. 


1861, Oct 


28, 


vF. Mistaken for Encke's comet 
_ *DM. + 14''-4982 (det from 
W. 23''-312 =. R. 1 1084). + 1- 
30-37 ; + l'-3. 


6206 


23 


24 


6-05 


+ 20 


38 


20-4 


7fil. 


1866, Oct 


13, 


vS. (I fell in with this neb. in 
hunting for the lost heads of 
Biela's comet) "W. 23*422. 
+ 3- SO'ie; + 56"-0. The 
position of Qen. Cat is 4' in .S 
and 2' in DecL wrong. 


4993 


23 


29 


4-60 


-h 1 


22 


60-7 


6;3fil. 


1865, Sept. 


19, 


♦16 Pifloium. _ 10-13; + 3' 

17"-8. 



On page 53 of YoL I. of this Joamal I beg to correct : 

No. 5629. Decl., instead of 24'-7 read 22'-7. 
No. 5630. IBi, instead of 23* read 13'. 

The note to Nova 12* 16' 42'; — 2° 27' 7 should be cancelled, as on 1881, May 5, T have seen and 
drawn upon my chart also the nebula G. C. 2911. 
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NOTE SUPPLEMENTAIRE SUR LES COMi:TES 6 ET c (III. et IV,) 1881. 

Par TH. BREDICHIN. 

• Sur les dessins de M. Tempel (comfete c), le 26, 29 et 30 aoAt, on voit pr^s de la 
t6te de la comfete, h. son c6t6 post^rieur par rapport au mouvement orbital, un faible 
appendice, une n^bulosit^ conique.* La direction longitudinale de cet appendice 
fait un angle tr^s grand (80°) avec la direction de la queue principale et Faxe de sa 
figure n'est point tangente au rayon vecteur pr^s du noyau. Dans sa lettre h, moi, 
M. Tempel s'exprime ainsi par rapport ^ cette n(^bulosit6 : " Der wunderbare 
Baken war sehr schwach, aber doch sah ich ihn auch mit Amici I ; die stidliche 
Begrenzung dieses Hakens war scharfer und deutlicher als die nordliche," 

A Taide du dessin et de T^chelle donn^e par M. Tempel on trouve I'^tendue de 
oet appendice en crochet ^gale (le 30 aoiit) ^ 19', et le rayon angulaire de la tSte 
dans la direction vers le Soleil ^gal k 6' 30". La distance entve le noyau et la Terre 
^tant ce jour 0*63475, on trouve pour la longueur de Vappendice 0*0035 et pour le 
rayon de la t6te € = 0-0012. 

On pent montrer par le calcul, que la n^bulosit^ en question ^tait la partie 
post^rieure du conoide du troisi^me type, dilate et estomp^. Cette dilatation 
provenait de ce que les particules de la queue du premier type, qui ^tait assez dense 
et claire, en sortant de la sphere d'action du noyau et en rencontrant sur leur 
chemin les particules du troisifeme type, beaucoup moins nombreuses et douses des 
vitesses initiales beaucoup plus faibles,— ont dA leur communiquer quelque partie 
de la vitesse initiale du I type. Or I'accroissement de la vitesse initiale g m^ne 
directement k la dilatation du conoide de la queue. 

L'examen de toutes les cometes que nous avons ^tudi^es, nous a conduit k 
admettre, que les valours de g pour les trois types sont ^gales approximativement 
k 0-15 (I), 0-03 (II) et 0-015 (III). 

Si Ton calcule st Taide de la formule 5r* = 2(l— ft)€*:r*et avec la valeur donn^ 
plus haut de € la vitesse initiale g pour la corafete c, on obtient pour le I type 
g = 0*26, pour le II type g = 0*075 et pout le III type g == 0*04. La queue du 
premier type dans cette com^te ^tait trfes ^troite et par consequent il n y a aucune 
raison de supposer dans ses particules Texistence d'une pareille vitesse initiale 
anomale, qui surpasserait la vitesse ordinaire de la quantity 0*11. II est beaucoup 
plus naturel d'admettre, — ce que nous avons fait d^j^ avec succ^s pour la com^te 
de 1825, IV (Memorie della societk degli spettroscopisti Italiani, 1881, Dicembre), — 
que Taction des particules du I type sur les particules des types II et 111 augmente 
quelque pen les vitesses initiales de ces derni^res. Dans cette action je vois la raison 
de ce que la queue du II type de la comfete c, dessin^e par M. ^oble, k son origine 
m6me est beaucoup plus large que la racine de la queue principale du I type. 

* Dont la base est le diamMre de la t^te. 
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V 


logr 


logp 


12J530 _ 27° 23' 12" 


9-8252200 


9-91487 


30-280 +20 25 12 


9-8140600 


9-80260 



Ainsi il ne sera point hasard^ de supposer, que la vitesse initiale du troisi^me 
type 0*015, gr&ce k raction des particules douses de la vitesse 015, se soit chang^e 
en gr = 0*04, que nous avons d^duite de Tobservation. 

C'est avec cette vitesse 0*04 et avec la force 1 — ft = 0*3 qu'il faut calculer les 
positions des particules du troisi^me type. Mais pour avoir affaire avec des 
dimensions plus considerables et plus commodes ^ la construction graphique, nous 
ferons le calcul avec la vitesse ^^ = 0*1. D'apr^s ces r^sultats il sera facile de faire 
des conclusions pour le cas de ^r = 0*04. Pour avoir une notion de la position de 
faxe de la queue du troisifeme type, nous ferons aussi le calcul pour les particules 
qui auraient sorti de la sphere d'action du noyau avec la vitesse initiale gr = 0. 

Le calcul sera fait k I'aide des formules exactes du mouvement hyp^rboUque 
(Copernicus ; Vol I. pp. 107, 108). 

Posons que les particules se sent s^par^es du noyau dans le moment Mi = aoiit 
12*530 (pour ce temps nous avons la premiere position de la queue principale) et 
soit r^poque de I'observation M = aoAt 30*280 (le temps de la derni^re observation 
de la queue). 

Pour ces moments on a : — 



1881, Aoiit 



Et k I'aide des formules indiqu^es, on trouve — 

log «» = 04690700 ; H^ = 2-9909600 ; fi = 103^ 41' 36" ; log iT = 8-1581304 

Pour les directions des vitesses initiales soient : (r = (Amission en ligne droite 
v^rs le Soleil) ; (r = + 1 3** 41' 36" (direction normale k Torbite du noyau ^ T^poque 
ifi) et 6r = — IS"* 41' 36" (direction sym^trique avec la pr^c^dente par rapport au 
rayon vecteur). Pour la distance du sommet o du paraboloide (pour gr = 01) on a 
€-0*0071. 

Les details du calcul sont — 



9 
Q 

y 

m 

«»i 
logE 

logP 
log 6 

J 

t 

N 

F 

7 
log J? 



h 


a 


c 


d 


0-1 


0-1 


0-1 


0-0 


0° 0' 0" 


+ 13° 41' 36' 


— IS" 41' 36' 


0° 0' 0" 


3-082840 


3000960 


3160070 


• • • 


3° 10* 18" 


SO 18' 33' 


2° 51' 47" 


... 


106 51 64 


107 9 


106 33 23 


. . . 


... 


... 


• • * 


2-867143 


2-944900 


2-866700 


3018690 


. . • 


0-275018 


0-267415 


0-291339 


0-260028 


— 25° 43' 29" 


-26° 18' 20* 


— 24'' 66' 1" 


— 21° 10' Z" 


57 56 10 


56 26 21 


69 16 3 


66 40 10 


0-256106 


0-243783 


0-268269 


0-266096 


9-849838 


9-887350 


9-817178 


9-892073 


— 9-5050 


— 9-8313 


— 91239 


— 8-0539 


8-2450 


7-9187 


8-6261 


9-6961 


0-086566 


0-073037 


0-101382 


0-087984 


12° 35' 52* 


9° 50' 3' 


13' 36' 42" 


13° 43' 29" 


22 33 12 


18 12 66 


23 40 37 


26 9 45 


9-818408 


9-809493 


9-822464 


9-833332 


_0°28' 17' 


+ 3° 17' 8* 


_ 0" 48' 14" 


+ 1" 28' 36" 
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Les co-ordonn^es polaires des particoles pour les temps M — 





b 


a 


c 


d 


^ 


- 39^ 39'T 


102° r-0 


- 36« 2'-8 


30*^ 63' -8 


A 


0-00849 


003779 


0-01584 


0-03419 



Les points calculus a, b, c et d sont port^s sur la planche ci-jointe. I^a courbe 
qui passe par les points a o c repr&ente le contour de la queue du III type pour la 
vitesse initiale g == 01 et pour les limites donn^es plus haut de Tangle G qui 
contiennent la masse principale d'^mission. La ligne d indique Taxe de cette queue ; 
les courbes adjacentes h, la ligne a o c correspondent aux angles G plus grands et 
plus petits des G limites^ introduits dans le caJcul. 

Les courbes pointill^es gg^ff, ee correspondent aux contours des queues pour des 
diffi^rentes vitesses entre 0-0 et 0*1. 

Les queues du premier et du second type sont aussi port^es sur la planche et y 
d&ign^es pai* I et II. 

Pour les vitesses initiales entre O'O et 0"1 les valeurs calcul^es de e seront (1 — /t 
4tant 0-3) — 



9 


c 


002 


0-0003 


0-04 


00012 


006 


0-0026 


0-08 


0-0046 


010 . 


0-0071 



et il est Evident, que pour gr = 0*04 le contour de la queue se trouvera dans 
rint^rieur de la courbe c o a. L'^tendue acquise par la queue (gr =" O'l) dans 
rintervalle entre le 12 et le 30 d^aoiit est ^gale approximativement k la distance o a, 
c'est k dire h, 0*038. Pres de la partie ant^rieure de la t6te la queue du III tjrpe, 
m6me pour la vitesse ^r = 0*1 sort k peine des contours des queues du I et du II 
type. Mais la faiblesse de lumiere ne rend accessibles k la vision que les 
particules beaucoup moins ^loign^es de la t6te, et en effet la longueur de I'appendice 
n^buleux d'apr^s M. Tempel n'est que de 0*004. Et quant k la partie ant^rieure de 
la queue du 111 type, surtout pour la vitesse 0*04 (consulter la planche), ses 
particules seront tout k fait confondues avec les particules des queues du premier et 
du second type. 

Par cons^uent, ce sont les particules de la moiti^ post^rieure du conoide du 
troisi^me type, les particules plac^es entre o d et o a^ qui ont pu devenir accessibles 
k la vision pr^s de la partie post^rieure de la t6te, ou pr^s des racines des queues 
du I et du II type, sous Taspect d'une n^bulosit^ si faible, que sa forme ^chappe k 
Tobservation et au calcul. 

On peut dire seulement que la partie plus ^loign^e de I'axe du conoide doit 6tre 
relativement plus claire, d'apres la regie g^n^rale de la distribution de la clart^ dans 
les conoides des queues. Et cela s'accorde avec la remarque de M. Tempel que 
''die sUdliche Begrenzung dieses Hakens war scharfer und deutlicher als die 
n5rdliche." 
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L'existence des n^bulosit^s ^largies du II et du III type autour de laracine de la 
queue priucipale parait Hre aussi la cause d'un certain gonflement de cette racine^ 
qui a dd etre remarqu^ principalement par ceux, qui n'ont pas vu les queues 
secondaires. Et en g^n^ral, Taction des particules avec les vitesses g plus grandes 
sur les particules aux vitesses plus faibles joue un r61e important dans la structure 
des t6tes bulbiformes. Quand la bulbe qui entoure la racine de la queue n'est pas 
Tatmosphfere ordinaire, mais la racine plus large de la queue d'un type infSrieur, 
alors le contour de cette bulbe aura la figure paraboloidale et il sera ouvert h, 
Topposite du Soleil. 



La com^te 6, — d'apres le dessin de M. Tempel, du 27 juin, — nous montre un 
gonflement sur le contour post^rieur de la queue, tout pr^s de la tSte. Par Teffet 
de la perspective cet appendice parait 6tre soud^ au bord de la queue du II type ; 
mais sa longueur peu considerable par rapport k la longueur de la queue principale 
nous ported admettre, que c'est aussi une queue du III type. Pour confirmer 
cette opinion, on n'a qu'k examiner attentivement la disposition et la longueur 
relatives des axes des queues des trois types, qui sont repr^sent^s par les construc- 
tions th^or^tiques des cometes, qu'on voit sur les planches jointes h mon article 
imprim^ dans le "Copernicus" (VoL I., pp. 99-115), et principalement dans les 
figures 3 et 4. 

La queue secondaire de la comfete 6 1877 doit 6tre envisag^e du m6me point de 
vue que Tappendice en crochet de la com^te c 1881. 



Conclusion. Mes recherches sur toutes les cometes, dont les observations j'ai pu 
trouver dans la litt^rature astronomique et dont le nombre est 36, me mettent en 
etat de calculer d'avance pour chaque grande comfete qui paraitrait dans Tavenir les 
positions et la figure de ses queues de tons les trois types. 

II est Evident, que la quantity relative des substances caudales de diff^i^rents types 
ne peut pas etre d^termin^e d'avance et par consequent c'est seulement Tobservation 
qui pourra nous montrer et la clart^ relative des types et Tabsence possible de tel 
ou tel d'entre eux. 

Mais en tout cas, la position ^ une ^poque donn^e et la forme g^nferale de celle des 
queues, qui deviendra accessible k la vision, sera en accord avec sa position et sa 
figure calcul^es d'avance. 

Th. Brediohin. 

MoBcou, 1882, Ffevrier. 
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OBSERVATIONS DES COMilTES 6 ET c 1881, FAITES A LOUVAIN. 

Par le Db. F. TERBY. 
(Eztrait des M6moires in 8^ de FAcad^mie Royale de Belgiqua.) 

Comete b. — La queue de cette com^te avait une limite presque rectiligne au bord 
oriental ; en I'examinant avec attention on d^couvrait pourtant, de ce c6t^, une l^fere 
convexity ; cette region ^tait aussi la plus brillante, la meilleure d^fin^. Du c6t^ 
occidentale la limite de la queue ^tait peu accus^e, visiblement concave etla 
lumi^re 6tait tr^ affaiblie. II en r^ultait que I'appendice com^taire, k premiere 
Yue, semblait r^duit k un jet rectiligne et brillant correspondant au bord oriental. 

La longueur de la queue a eu pour nous son maximum h, la fin de Juin. Yoici la 
fi^rie des r^sultats obtenus concernant cet ^l^ment — 



Date 


Heme 


Lonseur 


Jnin 23 


11" 


36- 


6'' 


26 


11 


46 


9 30* 


29 


12 





9 30 


30 


11 


40 


10 


Jnillet 1 


11 


16 


9 30 


2 


11 


10 


9 30 


4 


12 





7 


7 


10 


60 


4 


10 


11 





3 30 


11 


11 


16 


2 


12 


11 


30 


1 30 


13 


13 


16 


2 46 


16 


10 


15 


1 16 


16 


10 


60 


3 30 


17 


10 





2 20 


18 


10 





2 20 



L*influence de la lumiere lunaire s*est fait sentir surtout du 7 au 15 Juillet. LeB 
deux demi^res observations ont ^t^ faites avant le lever de la lune. 

Le 23 Juin, 10^ 15" — 11^ 35"; noyau de premiere grandeur^ de dimensions 
plus sensibles que a Aurigse, mais moins ^tincelant. 

26 Juin, 10^ 30" — 11^ 45". Un grossissement de 180 fois montre une gerbe 
verticale dans la chevelure ; il y a une region obscure derri^re le noyau par rapport 
au Soleil. 

29 Juin, 11^ — 12"* ; le noyau est tr^ voisin de Badcliffe 1661. Le mouvement 
de la comete par rapport h, cette petite ^toile est aussi sensible que celui de Taiguille 
des minutes d'une montre. All'' 40" le noyau est muni de deux aigrettes, dontla 
plus longue, Torientale, se dirige exactement vers Eadcliffe 1661. On voit encore 
la region sombre derri^re le noyau, dans I'axe de la queue. 

30 Juin, lO"* 30" - 11"* 40" ; queue k Toccident de 22 Camelop. (Hev.); elle s'^tend 
un peu plus haut que 24 Camelop., en passant i Torient de cet astre. 

1 Juillet, 10"* — 11"* 1.5"; queue jusqu'k 23 Camelop. 

2 Juillet, 10"* 15" — 11"* 10"; la queue d^passe un peu 24 Camelop. et touche 
cette ^toile par son bord occidental. 

4 Juillet, 11"* — 12"* ; la queue va jusqu'k B.A.C. 2326, le bord oriental passe par 
2 973, k I'occident de 24 Camelop. 
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7 Juillet, 10* 35" — 10"* 50" ; la queue se montre jusqu'k B.A.C. 2677, le bord 
occidental passe par 28 Camelop. 

10 Juillet, 10** — 11* ; la queue se dirige vers la droite de 29 Camelop., et s'^tend 
jusqu'k la moiti^ de la distance de cette ^toile. 

11 Juillet, 10* 15" — 11* 15"; la queue va vers 29 Camelop. 

12 Juillet, 10* 30" — 11* 30" ; la queue se dirige k Toccident de 29 Camelop. Le 
bord occidental est k droite de 1 H. Draconis (P. Camelop., Bode). 

13 Juillet, 10* 20" — 13* 15" ; j'observe la conjonction du noyau avec 1 Draconis ; 
lo noyau est blanc-bleu4tre et T^toile jaun^tre. All* 30" la queue passe k Torient 
de B.A.C. 3528 et ne d^passe pas cette ^toile. 

15 Juillet, 10* — 10* 15" ; queue jusqu'k B.A.T. 3528, passant kl'occident. 

16 Juillet, 10* 35" - 10* 50" ; queue dirig^e k lorient de B.A.C. 4281. 

17 Juillet, 9* 55" — 10* ; la queue se dirige vers B.A.C. 4281, jusqu'k la moiti^ 
de Ja distance entre le noyau et cette ^toile, et en s'inclinant encore im peu k 
Torient. 

18 Juillet, 9* 50" - 10* ; la queue va k Toccident de B.A.C. 4281 ; elle est forte- 
ment concave au bord occidental et rectiligne k Torient. 

Comke c. — 17 AoAt, 8* 45" — 10* 30" ; longueur minime de la queue : 3® ; par 
moments un prolongement tr^s faible semble s'^tendre jusqu'k une distance double, 
k Torient de 44 Lyncis. Le bord occidental est le plus tranche, le plus brillant ; 
le bord oriental a une courbure plus prononc^e. Un grossissement de 38 fois montre 
un noyau tr^s visible, mais celui-ci disparait et se confond compl^tement avec la 
cbevelure sous le grossissement de 80 et de 120 fois. 

Le 19 AoAt, 10* 30" - 11* 15", longueur minime de la queue : 4"* 30'. Le bord 
occidental est concave et moins tranche que le 17 ; la queue va en s'^largissant dans 
la direction de 36 Urssd majons. 

Le 21 AoAt, 8* 45" — 9* 15" ; comfete fort rapproch^e de i/r UrssB majoris. La 
lumi^re blanche-bleu&tre du noyau se distingue de la teinte jaun&tre de iff autant 
que la lumiere ^lectrique se distingue de la flamme du gaz d'Mairage. La queue 
se dirige exactement vers une ^toile dont les co-ordonn^es sont : a = 11* 9"'9, 8 == 
+ 50** 8' (Uranom^trie de M. Houzeau). La region la plus brillante se dirige k 
Toccident de cette ^toile, c'est le bord le plus net, il est concave ; le bord oriental de 
la queue, dirig^ k droite de la mSme ^toile, est plus vague, ^galemeut concave et 
parait 6tre une seconde queue distincte un peu plus courte. Longueur de la queue 
« 4** 20'. 

22 AoAt, 9* 50" — 10* 15" et 10* 30". L*apparence d*une queue secondaire 
s'accentue de plus en plus ; le bord occidental passe par 2 1561, c'est de ce c6t^ que la 
queue atteint la plus grande extension (4^ 15') ; le bord oriental passe par 2 1542 et 
s'^tend seulement jusqua'k 3** 30' du noyau. Le bord gauche est le plus brillant, 
presque rectiligne, et le reste de I'appendice com^taire semble form^ par des queues 
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fiecondaires dont la plus visible est au bord oriental, passant par 2 1 542 ; ces queues 
sont plus courtes et concaves k droite. 

24 AoAt, 8^ 55" et 10^ 15" — 10"* 30". La queue rectiligne s'^tend, k lO"* 15", 
exactement dans la direction de d Canum Yenaticorum ; c'est la partie la plu$ 
briUante de la com^te. A droite de cette queue rectiligne on voit, ^ I'aide des 
jumeUes, une n^bulosit^ faible paraissant formee de plusieurs queues dont la plus 
orientale et la plus longue s'^tend^ avec une forte courbure, dans la direction de 
67 UrssB majoris, en passant un peu au dessous de 2) 1622 (2 Canum Yenaticorum)* 
La queue mesurait environ 5® 25' dans la direction de d Canum et 6* dans celle de 
%7 UrssB. 

Louyain, le 22 F^yrier, 1882. 



THE CHROMOSPHERE IN 1881. 
By the Rev. S. J. PERRY. 



The measures of the chromosphere made during the past years sho^ that solar 
activity is still on the increase, but the results for the several months of the year 
1881 do not exhibit such a marked difference as those of 1880. The observations, 
of which a sunmiary is presented in the following table, were generally taken with 
a dispersion of four prisms of 60°, and Mr. W. McEeon was almost invariably the 
observer. 

Mean height of 
Chromosphere. Mean extent of Mean height of Higfaeet 

exdnding Prominence ere. Prominenoei. Ptomfaienee. 

Prominences. 

8"-0 23** 10' 0^ 20"-4 4r-6 

7-3 32 30 19-2 45-7 

80 32 28 8 23-3 94-8 
8-2 24 32 20 25-3 101-2 
8*2 37 8 17 21-9 63-2 
77 31 35 241 58-9 

81 31 47 30 27-7 93-9 
81 35 30 21-4 .67-6 
8-3 40 32 6 330 82*4 
8-4 49 53 43 27-1 86-7 

8-1 27 15 40 27*3 63-2 





Number of days 




of Obeerration. 


January, 


3 


February, 


1 


March^ 


4 


April, 


9 


May, 


12 


June^ 


2 


July, 


4 


August, 


1 


September, 


5 


October, 


7 


November, 





December, 


3 



Mean for 1881 80 33 18 26 24*6 71*9 

„ „ 1880 7-9 23 21 23 23-5 67-4 

The prominences last year were, in general, considerably higher than those of 

1880, and the difference would be much more noticeable in the mean results if the 

exceptionally high readings on November 4th, 1880, and on April 18th, 1881, were 

alone excluded. 

Stonyhuret Observatory, 
Feb. 11th, 1882. 
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HISTORICAL NOTE CONCERNING THE DISCOVERY OF NEPTUNE. 

In the Astronomische Nachrichten No. 580 a letter was inserted from Encke to 
Schumacher, describing how Le Verrier's hypothetical planet had been found on the 
28rd September, 1846, by Dr. Galle, then Assistant at the Berlin Obsei*vatory. 
Neither in this letter nor afterwards did Encke think it necessary to mention that 
a young student and volunteer at the Observatory, d' Arrest, had taken an important 
part in finding the planet, nor did Dr. Galle publicly acknowledge the assistance he 
had received from d' Arrest. 

So far as I am aware, this assistance was for the first time alluded to in print 
in my obituary notice of d' Arrest, published in the Vierteljahrsschrift der 
Astronomischen Gesellschaft, Vol. XI (February, 1876.) The following year a 
longer (though incorrect) account was given in the German edition of Gyld^n's 
Outlines of Astronomy.* It is there stated, that when Le Verrier's letter reached 
the Berlin Observatory, d' Arrest prepare<t immediately a map of the part of the 
heavens to be examined, but that he had hardly pointed the telescope to the place 
when Dr. Galle came, looked in the telescope and — saw the planet. 

After the publication of this account Dr. Galle thought it necessary to write 
a note, in Astr. Nachr. No. 2134, explaining how he came to find Neptune. In 
this note he states, that he had in 1845 sent Le Verrier a copy of a paper of his 
(Triduum Roemerianum), which Le Verrier did not acknowledge till Sept. 18, 
1846, when he wrote thanking for the paper and at the same time suggesting, that 
Galle should search for the unknown planet, which would probably be easily 
distinguished by its disk.t When this letter arrived at the Berlin Observatory on 
the 23rd of September and GaUe announced his intention of looking for the 
planet, d' Arrest expressed a wish to take part in the search. When the night 
came, the question arose, what maps were available, and none but Harding's very 
insufficient Atlas was thought of, until (T Arrest first suggested that it might be 
worth looking among the Berliner Akademische Stemkarten to see whether Hora 
XXI was among those already finished. On looking among a pile of maps in 
Encke's hall (Vorzimmer), Dr. Bremiker's map of Hora XXI (already engraved 
and printed at the beginning of 1846 but not yet distributed) was soon found, and 
when Dr. GaUe compared this with the heavens, he very soon noticed a star of the 
eighth magnitude, which was not on the map, and the following night the motion 
of the star proved that it was in fact the planet sought for. 

When this note by Dr. Galle appeared (in June 1877) I was absent from home 
and did not see it for some time. As Dr. Galle has however quite recently again 

* Die Gnmdlehren der Astronomie nach ihrer geschichUichen Entwickelnng dargestellt Ton Hugo Gyld^n (Leipzig, 1877). The 
Swedish original appeared in December, 1874, but it contains no pardcolars of the actual finding of Neptune. 

f It should be remembered, that the Berlin 9-inch Refractor was at that time contidered a very large instrument, to which in 
fact only the refractors at Pulkova, Harvard College, Munich, Cambridge and Markree were superior. 
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alluded to the subject, by correcting in the Astr. Nachr. No. 2414 an inaccuracy in 
the German edition of Newcomb's Astronomy (to the eflfect that Le Verrier had 
recommended the use of Bremiker s map), I have thought it not inappropriate 
briefly to describe, how the late Professor d' Arrest told me the story of the discovery 
of Neptune. As various conflicting accounts seem to have been circulated from 
time to time (without any having been printed except the one in Prof. Gyld^n's 
book) this does not appear to me altogether useless. 

On the night of June 14, 1874, while observing Coggia's comet together, I 
reminded Professor d'Arrest, how he had once said in the course of a lecture, that 
he had been present at the finding of Neptune and that " he might say it would 
not have been found without him." He then told me (and I wrote it down the 
next day), how he had suggested the use of Bremiker's map (as first mentioned by 
Dr. Galle in 1877) and continued : "We then went back to the dome, where there 
was a kind of desk, at which I placed myself with the map, while GuUe, looking 
through the refractor, described the configurations of the stars he saw. I followed 
them on the map one by one, until he said : and then there is a star of the 8th 
magnitude in such and such a position, whereupon I immediately exclaimed : that 
star is not on the map I" 

That d'Arrest thus not only fh^st thought of looking for a map (without which 
the search might have proceeded as slowly as the operations at the Cambridge 
Observatory did), but actually took part in the observation, does not appear to be 
without historical interest, and it seems only just to that afterwards distinguished 
astronomer to say that Neptune was found by Galle and him, observing together. 

If Bremiker's map had been distributed early in 1846 instead of letting it wait 
for another map to be finished to keep it company,* Neptune would probably have 
been found at the Cambridge Observatory in the beginning of August, six weeks 
before Le Verrier wrote to Dr. Galle. Professor Adams would thus have had the 
pleasure of seeing the planet found from his own investigations, which were just as 
meritorious as those of Le Verrier, to whose work accident alone gave the priority. 

J. L. E. Dretu. 

Dunsmk, February 1882. 



OBITUARY NOTICK 

Astronomers will hear with regret of the death of the Rev. Thomas Romnet 
Robinson, d.d., which took place at the Armagh Observatory on February 28. Dr. 
Robinson was bom in Dublin on the 23rd April 1792, became a Fellow of Trinity 
College in 1814, and held for some years the post of Deputy Professor of Natural 
Philosophy in the University of Dublin, until he relinquished his Fellowship on 

• After allf'the map had to be distributed hy itself in Norember 1846. 
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obtaining a college living as Kector of Enniskillen. In 1824 he was transferred 
to another living in the diocese of Armagh with which he combined the post of 
Astronomer of the Armagh Observatory. This institution had been founded in 
1793 by Primate Robinson, but possessed scarcely any instruments until 1827, 
when a Mural Circle by Jones (described in Vol. IX. of the Memoirs RA.S.) and a 
transit instrument were mounted. The results of the work done with these 
instruments up to 1854 (to a very great extent by Dr. Eobinson himself) form the 
well-known catalogue of 6345 Stars, published in 1859 at the expense of the 
Government. The Mural Circle was later furnished with a new seven-inch telescope, 
with which one thousand of Lalande's stars were reobserved in the years 1868-76 
and published in the Transactions of the Royal Dublin Society in 1879. 

The great experience in the construction and management of reflecting telescopes 
which Dr. Robinson acquired at Birr Castle, where he and Sir James South were 
frequent guests after 1839, was utilized later on when he became an active member 
of the " Southern Telescope Conmiittee " and afterwards of the Melbourne Telescope 
Committee. It was chiefly by his advice that a Cassegrain Reflector was decided 
on for the Melbourne Observatory. 

In addition to his astronomical works (among which should also be mentioned 
his determination of the Constant of Nutation in 1840), Dr. Eobinson has in the 
course of His long life published a considerable number of important papers on 
physics and meteorology. Notwithstanding his great age he retained his mental 
powers to the last, as may be seen by his two papers on the Constants of the Cup 
Anemometer recently published in the Philosophical Transactions. 



RECENT LITERATURE. 

^* Conference internaiionah du Passage de V6nu8. ProcSsverhaux." Paris 1881 
(33 pp., large 8vo). The international conference in Paris on the transit of Venus 
held five sittings between October 5 and 13 under the presidency of M. Dumas. 
There were no delegates from the United States or Russia^ otherwise most European 
and American governments were represented. Among the points discussed in the 
first sitting was the application of photography, several speakers alluding to the 
unfavourable results from 1874, and in particular Professor Forster declared that 
the German committee had decided not to employ photography during the coming 
transit, while Mr. Stone in a less pronounced manner stated that the English 
expeditions would chiefly devote their attention to contacts and not make any 
serious attempts to adopt photography. Against these speakers Prof. Backhuyzen 
and M. d'Abbadie maintained that photography might still yield good results, the 
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latter referring to Mr. Todd's paper on the American photographs of 1874, in 
Copernicus^ Vol. I. 

In the course of the following sittings the various delegates announced which 
stations their respective Governments intended to occupy. The principal ones 
were : — 

England : Madagascar, Cape of Good Hope (3), Jamaica, Barbadoes^ Bermuda, 
New Zealand, Sydney, Melbourne, Brisbane. 

France : Cuba, Martinique, Florida, Mexico, Chili, Argentine Bepublic (3). 

Germany : United States (2), Straits of Magellan, Argentine Bepublic. 

Netherlands : Cura9ao or St. Martin. 

Denmark : St. Thomas or St. Croix. 

Spain : Cuba (2), Porto Rico. 

Brazil : Rio Janeiro, Pernambuco, Itapeva (at an elevation of 1 800 metres). 

At the last meeting a sub-committee which had been appointed to consider the 
best methods and instruments to be employed, handed in a report Messrs. 
Backhuyzen, Stone and Wolf had drawn up a series of instructions for contact 
observations based on the proposals of the British organizing committee. The 
unsatisfactory photographic results from 1874 decided the sub-committee not to 
recommend any extensive use of photography, but double-image micrometer and 
heliometer observations were specially recommended, while the desirability of 
arranging stations for the spectroscopic observation of external contact was pointed 
out. Concerning a proposal to create an international Bureau des cahuls to discuss 
both the observations of the coming transit and those of the transit of 1874, it was 
resolved by a large majority, that the French Government be requested to submit 
to other Governments interested in the Transits of Venus, the project of convoking 
an international commission after the return of the expeditions of 1882, to bring 
about an understanding as to the means of utilizing the observations of IS 74 and 
1882 and to consider whether it would be desirable to establish for this purpose 
a temporary international Bureau. 

" Lihrorum in Bihliotheca SpeculcB PuVcovensis contentorum Catahgus systematicus. 
Pars Secunda ab E. Lindemanno elaborata. Edendum curavit et proBfatus est 
O. Struve. Fetropoli 1880" (XVII. and 640 pp. 8vo). This continuation of the 
well known Pulkova Catalogue of 1860 is in every respect arranged in the same 
way as the latter. Besides the titles of books and memoirs published since the 
end of 1858 it contains also a considerable number of titles of older publications 
acquired by the Pulkova Library since the latter date. The two catalogues 
together contain 5472 titles of " Libri majores" (11077 volumes), 168 celestial 
maps and 23208 titles of papers and pamphlets (of which however the library only 
has separate copies of 13541). No doubt it must have been very difficult to decide 
which papers (not actually existing in separate copies) deserved being mentioned 
in the catalogue, but we cannot refrain from the remark, that certain departments 
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{e.g., orbits of comets) ought to have been more fully represented. But even as a 
selection of titles, this part of the new Pulkova Catalogue will do as good service 
as the earlier catalogue has done so long, and even after the publication of the 
Brussels Bibliography it will remain a most useful guide to astronomical literature. 

Sur Venregistrement des bcUtcTnents de secondes d^une pendule du moyen du micro- 
phone. Par M. W. Meyer, astronome-adjoint k Tobservatoire de Geneve.* Since 
the end of 1880 Dr. Meyer had used a microphone, the carbon bar of which was on 
a small shelf nailed to the clock-case for transmitting the sound of the clock-beats 
from room to room of the Geneva observatory, [n a special form devised by him 
for comparing clocks by coincident beats there is a microphone to each clock but 
both circuits pass through a single telephone. By regulating the currents the beats 
may be made exactly alike in character, thus greatly facilitating the comparisons. 
Dr. Meyer had noticed that during the actual production of the sound the current 
(as indicated by a galvanometer) is always much enfeebled, and had long had the 
idea of utilizing this change of intensity to perform some other functions more 
important than moving the plate of a telephone. Herr von Oppolzer, to whom Dr, 
Meyer mentioned this idea last spring, suggested a trial with an ordinary relay, and 
in fact on the very first trial they had the satisfaction of hearing the relay reproduce 
the beats of the clock as transmitted by the microphone. On the next day the 
microphonic current was made to actuate the seconds' pen of a chronograph and 
eventually the audible beats of the clock at Geneva were transmitted direct to 
Vienna. With four or five Meidinger elements (zinc and sulphate of copper with 
solution of sulphate of magnesium) and a primitive microphone any clock may be 
made to register its beats on a chronograph, working with a break current. In 
practice, however, it is better to use a relay and a secondary current to work the 
chronograph, as this permits of adjusting the microphone without altering the 
phase of the registered seconds. A variety of microphone made by the Sociiti 
Oenevoise pour la construction d^in^trumenta de physique in which a plate of carbon 
is suspended by two slips of metal foil gives particularly good results. 

" Thirty-sixth Annual Report of the Director of Harvard College Observatory. 
By E. C. Pickering'* (Cambridge, 16 pp. 8vo). Three instruments, the equatoreal, 
meridian circle and meridian photometer, have been kept actively at work during 
the past year. Sixty-four eclipses of Jupiter's Satellites were observed photometric- 
ally. In this work an observer and two assistants are employed, the latter reading 
the photometer circle, recording and noting the time ; thus the observer need not 
remove his eye from the eye-piece, and the satellite can be followed much nearer 
to the point of disappearance than if no assistants were employed. The search for 
objects having singular spectra has been continued with a four-inch telescope and 
the survey of the heavens has been completed from 20"* to 12^ RA. The most 
important result of this search was the spectrum of the star LI. 13412 (see 
^' Copernicus'' Vol. L, p. 140), in which three bright lines were found at 545, 486 

• Archive! dcs Mianoas physiqaea et naturalles, troiaiferae p^rloda, T. VI., 16 pp. ' 
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and 466 millionths of a millimeter. The second of these is probably the F line of 
hydrogen, the two others appear to have been seen by Konkoly in the spectrum of 
Comet h (III) 1881 besides the three usual cometary Unes. The star U Puppishas 
a banded spectrum ; when observed it was less than 2® above the horizon. A list 
of about eighty stars with banded spectra was published in the Asti*. Nachn No. 
2376. The photometric study of the stars j8 Persei and DM + 81''-25 (already 
described in this journal) is next alluded to. The work originally proposed for the 
meridian photometer of measuring on three nights the light of each of the naked- 
eye stars visible at Cambridge was completed in August last, but all the stars 
brighter than the fourth magnitude and a number of others are now being observed 
over again. All the stars in Heis' Atlas north of the Equator and brighter than the 
6th mag. are being measured by the eye or by an opera-glass by three observers 
who compare them with stars near the pole. The results (together with the 
magnitudes of Southern Stars as given in the Uranometria Argentina) are to be 
compared with the photometric results. The Meridian Circle has been in constant 
use throughout the year for observations of the Sun and Fundamental Stars. In 
the Report a reference is also made to the part the Observatory has taken in the 
distribution of news about comets by defraying the cost of the telegrams sent from 
Boston to Dun Echt. The computations of orbits and ephemerides were generally 
made by Mr. Chandler, who is at present engaged in another important piece of 
work, collecting and sorting all references in astronomical literature relating to 
known or suspected variable stars. 



THE SPECTRUM OF THE NEBULA IN ORION PHOTOGRAPHED. 

Dr. Huggins informs us that on Tuesday, March 7, he succeeded in obtaining a 
Photograph of the Spectrum of the Great Nebula in Orion with an exposure of 
45 minutes. On the plate can be seen, though faintly, the four bright lines which 
he found some years ago to constitute the visible spectrum of the gaseous nebulsB, 
namely a strong line \ 5005 (coincident with the less refrangible line of the 
brightest double line of nitrogen), a second line \ 4957, and two lines coincident 
with the lines of hydrogen Hfi (F) and Hy near G. But on the plate besides 
these lines there is a strong line in the ultraviolet at X 3730, or very nearly. This 
line may be coincident with i[ of the typical photographic spectrum of the brightest 
white stars, which he showed reasons for believing to be due to hydrogen. 

He hopes, by a longer exposure and still more sensitive plates, to ascertain 
whether any fainter lines are present between Hy and 3730, and also more 
refrangible than the new line. 



Comete c 1881. (Note). 



Copernicus. VoL IL Plate DL 
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EINE NEUE BEHANDLUNG DES PEOBLEMS DER DREI KORPER 

Von Dr. H. KOBOLD. 

Die Berechnung absoluter Storungen erfordert bekanntlich die Darstellung 
derselben durch Ausdrucke, die die Zeit selbst oder einfache FunktioDen derselben 
explicite euthalten und die daher durch Substitution der bestimmten Worths 
dieser Funktion den Betrag der Stoning zu einer beliebigen Zeit direkt ergeben. 
£iS beruht die Auflosung dieser Aufgabe auf der Integration von Differential^ 
gleichungen zweiter Ordnung, deren Aufstellung nicht die geringste Scbwierigkeit 
darbietet. Trotzdem ist es bislang noch nicht gelungen eine Integration dieser 
Differentialgleichungen ohne eine Reihenentwicklung herbeizufUhren. Fiir die 
Convergenz dieser letzteren ist nun naturlich die zweckmassigste Wahl der Grossen^ 
nach welchen die Reihen fortschreiten, wesentliches Erforderniss. Solange es sich 
nur um Anwendungen auf die Bahnen der grosseren Planeten handelt, mogen 
ReiheUi die nach Potenzen der Neigung und Excentricitat der Bahnen fortschreiten,. 
geiitigen. Die hierauf beruhenden Methoden von Lagrange und Laplace wtirden 
dagegen bei einer Anwendung auf die kleinen Planeten mit wenigen Ausnahmen 
und bei einer solchen auf Eometen stets unausfuhrbar sein. Zur Herbeifiihrung 
einer schnelleren Convergenz wandte daher schon Laplace zur Entwicklung der 
StSrungsfunktion Reihen an^ die nach den sin. und cos. der Yielfachen der mittleren 
Anomalien beider Korper fortschreiten. Hansen zeigte dann, dass die Einfiihrung 
der excentrischen Anomalie an Stelle der mittleren eine noch grossere Convergenz 
herbeifUhrt. Schliesslich wird man die Entwicklung nach Vielfachen der wahren 
Anomalie ausfUhren mtlssen, wenn es sich um die allgemeinen Storungen eines 
Kometen handelt^ da der Hulfswinkel der excentrischen Anomalie seine Bedeutung 
Verliert, sobald die grosse Axe der Bahn unendlich gross wird. Es wird die 
Entwicklung nach der wahren Anomalie abet auch bei der Anwendung auf die 
kleinen Planeten die Convergenz bedeutend beschleunigen^ woven Verfasser bei der 
Berechnung der Parthenope Storungen schon Gelegenheit hatte sich zu liberzeugen. 
Eine auf diese Entwicklung gegrtindete Methode gab derselbe in seiner im August 
1880 der philosophischen Facultat zu Gottingen eingereichten Dissertation; 
der vorliegende Aufeatz bildet einen theilweise umgearbeiteten und erweitertea 
Aoszug aus derselben. 

Das Hauptmoment der folgenden Untersuchungen liegt nun weniger in der 
Untwicklung der Storungsfunktion^ als vielmehr in einer Umformung der 
Differentialgleichungen der gestorten Bewegung. Weil die Entwicklung in 
Qnendliche Reihen nun einmal unvermeidlich ist, so muss man wenigstens auf 
moglichst grosse Convergenz bedacht sein. Die Nenner der einzelnen AusdrQcke 
bcoreiten nun dadurch eine grosse Schwierigkeit, dass sie Gliedem, die im allgemeinen 
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nur von ganz verschwindendem Einflusse sind, durch ihre eigene Kleinheit grosse 
Bedeutung geben konnen. Diese Nenner enthalten aber neben der gegenseitigen 
Entfernung beider ^rper noch die Kadien ihrer Bahnen. Herr Professor 
Klinkerfues machte den Verfasser, seinen Schiiler, nun darauf aufmerksam, dass 
durch eine Ersetzung der Integration nach der Zeit durch eine solche nach der 
wahren Anomalie des storenden Korpers die Entwicklung der negativen Potenzen 
des Kadius der storenden Bahn ganz fortfallt, die analoge in Bezug auf die gestorte 
Bahn aber durch die Entwicklung des gegenseitigen Verhaltnisses beider Radien 
ersetzt wird. Diese Entwicklung ausgefuhrt nach den cos. und sin. der Anomalien 
beider Himmelskorper, besitzt aber in alien Fallen eine starke Convergenz. Die 
AusfUhrung der angegebenen Vertauschung der unabhangigen Veranderlichen 
zeigt nun, dass aus den Finalgleichungen die Zeit als explicite Funktion vollig 
verschwindet, Wir erhalten vielniehr die Storungen dargestellt durch Ausdrticke, 
die explicite Funktibneh der wahren Anomalie des storenden Korpers sind : eine 
Darstellung die nicht nur der Form, sonderu auch dem Sinne nach der bislang 
Ublichen Darstellung absoluter Storungen vollig gleichkommt. 

1. Entwicklung der Differentialgleichungen. 

Wir legen uns im folgenden die Beschrankung auf, nur den Fall eines storenden 
Korpers und femer auch nur die Storungen erster Ordnung zu entwickeln. Im 
Wesentlichen wird dabei ein Gang befolgt werden, der dem von Encke in seinen 
^' Untersuchungen iiber die allgemeinen Storungen der Planeten" (Berliner 
Jahrbuch, Bd. 82) eingeschlagenen analog ist. 

Es seien xy z die auf drei feste rechtwinklige Axen bezogenen Coordinaten des 
gestoi*ten Korpers, r sei sein Kadius und m seine Masse. Die gleiche Bedeutung 
mogen x^ y' und z'^ r' und m' hinsichtlich des storenden Korpers haben. Ist 
ferner — 

A« - (a:' ^ «)« + (y' ^ y)» + (ib' - »)« 

und — . - 

__ W 1 1 «c^ + yy + gg' ) 
"""r+^JA ?'» / 

so besteht bekanntlich far die Bewegung bezuglich der X Axe die Gleichung— 

• (1) . .... . g+*.(i + ^)f=*.(i+^)g 

in derselben ist dem i^llgemeinen Gebrauche gemass mit h die Gauss'sche Constanta^ 
das heisst die Intensitat der Anziehungskraft fur die Einheit der Geschwindigkeit, 
der Entfernung und der Masse bezeichnet. Die Ersetzung der unabh&ngig 
Veranderlichen dt durch die neue d'vf kann aufgefasst werden als der Uebergang 
von der uns eigenthiimlichen mittleren Sonnenzeit zu einer anderen dem storendeti 
Korper angemessenen. Es kann durch diese Vertauschung in die obigen Bewegungs- 
gleichung unmoglich eine Aenderung hervorgerufen werden ; nur wird natUrlich die 
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Consiante k einen anderen Werth ^i annehmen^ da sich ja die Einheit der 
Geschwindigkeit anderte. Die beiden Constanten sind aber mit einander yerbunden 
durch die Gleichung — 

■ '~ df dr/ 

Wir erhalten demnach die Differentialgleichuiig — 

M • ■ • ^. +*•(»)■<' + ") 5 -''(' + "')S(S)" 

Die Bichtigkeit dieser Gleichung lehrt auch die folgende Betrachtung : — Der 

Differentialquotient ^ ist doch offenbar nicbts Anderes als der Grenzfall des 

Yerhaltnisses endlicher Grossen -^^. Bekanntlicb wachst aber die zweite Different 

dem Quadrate des Argument-Intervalles proportional. Wer getraut sich dann aber^ 
zu leugnen, dass — 

(AO* "■ (Av')« ' 7^ 

und also auch im Grenzfalle ^ = g^ • "g^r ist ? Unter Benutzung dieser Relation 

geht aber Gleichung (1) ebenfalls in (la) fiber. 
Es ist nun bekanntlicb — 

Demnach erhalten wir unter Hinzufugung der analog gebildeten Gleichungen 

fUr die beiden andem Goordinaten — 

' dhi I +m r^V» \ + m r^^ da 

dv'^^ \+m'p'^^ "" l-^m' p' dx 

<Py 1 + w r' 1^ \ ^m r^^da 

rf^ + 1 + ^/^ TJ y = 1 + ^/ jt,' rfy 

cPg , 1 +m f^ r^ \ +m r^^da 

d^'^ 1 +m'^'7^ "^ l+m'j/ dz' 

Verbinden wir die erste dieser Gleichungen durch Subtraction mit der 
entsprechenden der ungest5rten Bewegung indem wir noch zur Unterscheidung die 
Goordinaten in der ungestorten Bahn durch x^ y^ ^. bezeichnen^ so ergiebt sich — 

,«. <f» (a; ~ a;,) 1 + m r'* ( x x.\ 1 + w /^ da 

^"^^ • • ' • rft/» +l+m'/^?"';7;""l+m'7^* 

Man setze nun — ^ 

dann wird — 

X X. «;, + g X. 

-(^ + l)(;^-»§+«^-io^. •••)-§ 
~ i? ~ ~J7" - V "^ "V" "nT "*" 
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In dieser Gleichung sind aber nur die beiden ersten Glieder von der ersten Ordnung, 
alle tibrigen von hoherer. Wir diirfen daher setzen — 






Sxjir 



Mit Hiilfe dieser Beziehung verwandelt sich nun aber die Gleichung (3) in 
Die ungestorte Bewegung ergiebt aber — 

1 -f- m r'^ _ cPxq Vq* 
I +m' p' dv'^ x^' 

Durch Einsetzen dieses Werthes folgt aber aus (4) — 



(5) 



d^l 






Wenden wir zur Integration dieser Gleichung das Encke'sche Verfahren an 
und setzen — 

1 +m r'* 



(6) 






I +mf p* 

SO erhalten wir als Auflosung der vorgelegten Diflferentialgleichungen — 
(7). . - n(^y.%-^%^^^fy:^dAi ^y.J^z^idv' Jr^.-y.^^ 

Es ist nun bekanntlich ^-g^ — y*"^ die Projection der doppelt^i FlS^henge- 
schwindigkeit der ungestorten Bahn auf die xy-Ebene, und hat den constanten 
Worth k v"! + m v'Jv i^i® Anwendung dieser Beziehung liefert uns noch die drei 
Gleichungen — 

dy^ 



dx^ 

^ dv' "" y* 57 



r* OOBH 



ds^ 



dyo 



'^•5?""''" 57 






(£!/"*• rft?' "^ Vl +m! Vp 



dx^ dz^ 



r'* COB Q p sin V 



In diesen Gleichungen bezeichnet i^ die Neigung der ungestorten Bahn gQgeti 
die a;y-Ebene und tt^ die Lange ihrcs aufsteigenden Enotens. 



•(fi) 
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Zur Bestimmung der Constanten der Gleichungen (7) benutzen wir das sich 
gleichzeitig ergebende System — 

Da dann die der Bechnung zu Grunde liegenden osculierenden Elemente die 
Bewegung des gestorten Korpers zur Zeit ^ *= darstellen, so mtissen fiir diesen 
Zeitmoment die Storungen der Coordinaten ^, 77 und t, sowohl, als auch die der 

Geschwindigkeiten ^, g^/i g^> verschwinden und wir erhalten so aus (7) und (8) 

Bechs Gleichungen zur Bestimmung der sechs Constanten. 

Die schliessliche Losung erfordert jetzt nur noch die Bestimmung der in X^ Y, Z 
•enthaltenen Unbekannten 8r. Auch diese verlangt nur eine einiache Umformung 
des von Encke gewahlten von Laplace zuerst eingeschlagenen Verfahrens.. 

Die bekannte Gleichung — 

geht fiir uns fiber in — 

Aus dieser Gleichung ergeben sich aber in ganz derselben Weise wie vorhin die 
Auflosungen — 






(10) 









Die Bestimmung der Constanten c und c' geschieht einfacb wieder dadurch^ dass 
ynx den Werth der Integrale zur Zeit < = ermitteln, wo {r^ und -^^ 
Terschwinden. 

2. Entioichlung der storenden Krd/le. 

Der Ausdruck der Storungsfunktion war — 

^^TT^KZ ?» )' 

Vermittels dieses Werthes ergeben sich nun, da man der Berecbnung der 
Storungen die aus den osculierenden Elementen folgenden Coordinaten zu Grunde 
legen muss — 

(1 +m r'*dQ tn r'* fx, — x' a^ \ m r' V, ^ /r \» n 

<1) • 



1+m ff*da m' r'* ( y, — if y' \ m' / f, ^fr' \» ri 
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Est ist bier noch zu erwahnen, dass man als Fundamentalebene gewohnlich die 
Bahnebene der rein elliptischen Bewegung des gestorten Planeten benutzt, durch 
welcbe Annahme 2, = wird. 

Wir bedilrfen nun nocb weiter der Ausdrlicke, welche die Grosse Q, wie sie 
durcb Gleichung (9) eingefUbrt ist^ zusammensetzen. Man hat bier nun zuQ&citist— 

weil p p und ^ die cos. der Winkel sind, welcbe der Radius mit den drei Axen 
bildet. Femer verwandelt sich ^' ^^ ] 5;" 5:^; + 5^ r gj/- Die bekannte Gleichung — 



"" 1 + e oofl V 
giebt nun — 

dr r* e sin t; ^ 
dv^^ p ' 

folglicb wird — 

cto / ctor . , daidv 

Bezeichnet man nun noch den cos. des Winkels zwiscben den beiden Badien 
r und r' mit H, wodurch — 

A« « r« -h r'» - 2rr'H 

wird, so erbalt man nocb — 

1 + m r'^da m; fr/ j f f \^ iI^ti ^/''"V-i • 

(5) . . . TT^'jM-TT^l^\\Z)-^]^^-W\'^^ 

Wir bedUrfen nun imi X Y Z aus ibren Definitionsgleicbungen zu bilden des 
Ausdinicks fi-^ -» ^r multipliciert mit dem Quadrate einer der recbtwinkligen 

Coordinaten. Da diese letzteren nun aber r oder im speciellen Falle die halbe grosse 
Axe a selbst als Faktor entbalten und die einzelnen Glieder der soeben entwickelten 
Ausdrucke ebenfalls von rr' oder r* abbangen, so brauchen wir zur Bildung von 
X Y Z in der That, keine negativen Potenzen von r zu entwickeln, sondem es 

reduciert sich alles auf - und -* Da nun aber auch in keinem der Ausdrucke 
ein von \ abhangiges Glied auftritt, so ist damit in der That das in der Einleitung 

versprochene geleistet. 

Wir konnen nun sofort zur Entwicklung der einzelnen in den Gleichungen (1) 
(4) und (5) enthaltenen Glieder schreiten. Es sind dieses — 

ff^\^ r r r a „ dK 
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und ausserdem die Coordinaten beider Korper. Aus diesen Faktoren setzen sich 
die der Integration zu unterwerfenden Ausdriicke durch Multiplicationen und 
Additionen zusammen. Es bezeichne nun I die gegenseitige Neigung der beiden 
Bahnen, die mit der Ecliptic die Winkel i und i' bilden ; ferner seien w und n' die 
Abstande der beiden Perihelien von der Durchschnittslinie beider Bahnen, flir 
jeden Korper gezahlt in der Ebene seiner Bahn^ walirend n und n' die Perihellangen 
im Sinne der gewohnlichen Bezeichnung darstellen. Man hat dann zunachst in dem 
von den beiden Bahnebenen und der Ecliptic gebildeten spharischen Dreiecke — 

b + 
— cos J(G — G ') sin J(i' — i) = sm J I cos — 5 — 

sin J(0 — G ') sin i(»' + i) = sin J I sin — 4~^ 

also— 

/-« X b + c , , ^ sin i(t' + i) 

(6a). . . tang -^= -tang i(ft - aOs^l^^ 

fGb\ f sin J I = — cos J(a - Q') sin J(i' — t) sec ^(6 + c) 

^^^^ • • • t = sin J(G - &') sin i(t + i') cosec J(6 + c). 

Ferner ist — 

(6is\ f cos 4(6 — c) = cos ^(a - aO <»s i(t' - t) sec i I ; 

und schliesslich-^— 

(6d) • , . »=:n-G-6 r' = n' —«' = «• 

' In dem zwischen der Durchschnittslinie der beiden Bahnen und den Radien 
liegenden spharischen Dreiecke, dessen Seiten v + n, v' + ir' und H sind hat man 
Bun die Beziehung — 

H = cos(t> + w) cos(t;' + ir') + 8in(i; + w) sin(i;' 4- ir') cos I. 

Ordnen wir diesen Ausdruck nach v', so nimmt er die Gestalt an — 

H » COS 1?' {cos^ir + v) cos it' + sin(ir + «) sin ir' cos 1} 
+ sin t/ {sin(x + v) cos «•' cos I — co8(x + 'o) sin » }♦ 

Es sei nun — 

fm\ . J A: sin K = cos I sin it' A:, sin K, = sin ir' 

^ ' ' • • \ ifc COB K = cos «•' A;, 006 E| B cos r' cos I : 

dann wird — 

[ 

H = cos t/ {coB(ir + v) * oobK + Bin(ir + v) A sin K} + sin t/ {sin(«- + v)*i cos K, ^ cos(«- ^v)k^^ KJ 
(8) , • • H = A: COB t?' cos(«' — K + v) + Ajj sin t?' Bin(» — K, + v), j 

In der Gleichung — \ 

rp)'-(7)*+'-7= 

die vermoge der Beziehungen — 

libergeht in — 

/AV , ■ y* / I +«'ooat>V ^ p 1 4- *' COB i>' 
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06tz6n wir nun — 

p 

W p (1 + « cos v) = ^ 

und erhalten dann mit Zuziehung von (8) — 

f^\ ^ 1 4. K« + 2KV COB v' + K« e'« coa«t;' - 2KH - 2Ke' cob vR 

= (1 + K:«) + cos vpeK^ — 2KA; cob(x — K + v)] — sin v 2KA, sin (ir — K| + «) 

~ cos^?X2Kc A: cos(«- — K + «) — K V] - cos v sin v 2K«*, sin(» — Kj + «) 

= ri + K»-K6'*co8(x-K + t;) + K»^"] - 2K cob v' [- e'K + * o«i(» - K + «)] 

^ 2K*, Bin «' 8in(» — K, + ») — Ke' cob 2©' F* oo8(» -. K + r) ^ -j-J 
_ sin 2i/ Kc'A:, sin(*- — Kj + v). 

Setzt man nun — 



(10) 

so ist — 
(H) 



oo = 1 + K» - K«'*co6(r -K + r) + K»-g-=l + K« + a, 
a, « 2K[«'K — A: ooB(ir — K + »)] 
/}i s= — 2K*, Bin(«- — Kj + «) 

«, =* K«Tk| - i cob(» - K + r)l 

j3, = -. K«»*, Bin(«- — K| + v) 



( Z? J «= oo + tti COB v' + /Ji sin v' -f a, cob 2t/ + /J. sin 2«'. 

Man hat nun die W^rthe der Coefficienten a und fi fur eine Anzahl specieller 
Werthe von v zu bestimmen und leitet aus diesen durch mechaniflche Quadratur 
die allgemeinen Ausdrticke derselben durch Reihen die nach den sin. und oos. der 
Yielfachen yon v fortschreiten ab. Zur Controle jener numerischen Reohnung 
verwendet man ein zweites analog gebildetes Formelsystem, welches aus den 
Gleichungen (8)1 (9), (10) und (11) durch Yertauschung der auf den storenden und 
den gestorten Korper beziiglichen Buchstaben enteteht. 

Der Yollstandigkeit halber ftihren wir dieses System hier an — 

^ 



(12) 



K» 



p(l+tfaMv') 



k* sin K* aa CO* I am T ifc,* sin K,* ^ sia «* 

A* COB K* ss COS «■ ^* COB K,* s OM «* flOB I 



A\« 



{^) 



a,* = 2K»[«K» — ** ooB(ir' - . K* + tOl • • • 
/3 * « _ 2K»*,» 8m(x' _ K.* + «0 

/8,» = — K»«*,» 8m(r' — K,» + i/) 
! o,* + a,* COB D -f A* sin t> + <«t* CO" 2* + /3,* rin Sa 



Die Gleichung (11) Issst sich nun stets in zwei Linearfaktoren zerlegen, die S 
Unbekannte enthalten miissen. Man seize also— 



(13) ... (p) = [1 + B ooa(«' _ «)] [A' + B' oob(«' _ a")! 



( «o = A' + 

(14) . . . < a, = A'B COB « + B' COB i 
( as » ^BF co8(a: + x') 
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und erhalt die Bedingungsgleichungen — 

- iBF ooB(dp — x') 

\S /3, = A'B sin « + B' sin a^ 

/3. = iBB' sm(» + i). 

Die beiden letzten dieser Gleichungen ergeben sofort — 

(16) 5tang(« + «2 = t 

(bf = 2^/;^. + /j/. 

Aus den filr ax und /8| aufgestellten Bedingungen erhalt man ferner — 

o/ + /3,« « (A'B)* + B'» + 2A'BB' cos(a? - aO 
(a) = (A'B)2 4- B'» + 4A'(ao - A). 

Dieselben Gleichungen ergeben aber auch — 

2aSi = A'«B* sin 2« + B'» sin 2*^ + 2ABB' sin (« + »') 
= A'»B» Bin 2a? + B'« sin 2x' + 4A'/3. 
(6) . 2aA = ( A2B» + B'^ 8m(a; + a?') coB(aj - «') + A«B* - W) cos(« + «') Bin(» - «') + 4A'/J 
«!»— Pf^ A'«B« COB 2a? + B'> cob 2a?' + 2A'BB' coB(a? + af) 
= A»B« COB 2a? 4- B'» cob 2a?' + 4A'a, 

(c) a,»- A«= (A^B* + B'«) coB(a? + a/) cos(a? - a?') - (A«B» - B'«) Bin(a? + «') 8in(« - x') + 4A'a,. 

Durch Combination der Gleichungen (&) und (c) kann man dann eine Gleichung 
zwischen A'B und B' herleiten. Wir setzen der Einfachheit halber — 

/ ,v ' / 2ax/3, Bin (a? + a?') + (a/ -. j3i«) cos(« + a?') » D 

^^^ I A Bin(« + asO + a, coB(a? + a?') = E 

und erhalten-— 

D = (A»B« + W^) ooB(a? - a?0 + 4A'E 
= 2(A'«B» + B'») ^^^^ + 4A'E 

W «(A'«B« + B'»);^^^ + 4AE. 

Aus dieser Gleichung und der Gleichung (a) aber folgt — 

oder — 

Ftihrt man nun die Substitution A' == a^ + A ein, so vereinfacht sich diese 
Gleichung zu — 

Setzt man ferner — 

aiaemcoBip j3|Ssm8in^ 

und benutzt die letzten der Gleichungen (14), so wird — 
Sei mm noch — 

^ ^ m«^BB'oofl ( 2tP-> «; — «') ^ /BB'y _ w« — (BF)* 

■" 4ao "^ V ^ / ~ 4ao 
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also — 

M + NA + A> + A» - 
SO setze man — 

w ....... A.__f± y(ffr^ 



und — 

Man hat dann — 



f (A) •=. NA + A» -I- A* 



f (A + AA) = f (A) + AA (N + 2A, + 3A,») + 
Bestimmt man also der Reihe nach — 



(0 



^^ = lT+lA«+tv A.-A, + AA, 

^^' = FTWT^ A, - A, + AA„ eto., 



BO wird man schliesslich finden — 

A|» ^ A^ + i ^ A«4.( 

and hat dann — 

A -A, 

A' ss Oe + -^^ 

Die Gleichungen (A) und (t) conyergieren sehr schnell ; bei der Anwendung, die 
ich yon diesen Formeln auf die Storungen der Parihenope machte, brauchte ich nie 
weiter als bis zur zweiten NiUierung zu gehen, um die mit siebenstelligen 
Logarithmen zu erreichende Genauigkeit innehalten zu konnen. 

Hat man so A' gefunden, so yerfahrt man zur Berechung der ttbrigen Coefficienten 
folgendermassen. 

Der sicb zunachst darbietende Weg mit Htilfe von A' aus der ersten der Gleich- 
ungen (14) X -- ocf zu berechnen und aus der Verbindung desselben mit dem 
bekannten Werthe von {x + x^) die unbekannten Winkel selbst zu bestimmen ist 
desshalb ungenau, weil in Folge der £Ileinheit yon ot und fi^ auch das Produkt 
BB' immer nur sehr klein ist ; da aber auch o^ — A' nur unbedeutend ist, so erhalt 
nian cos(x -r- a/) als Quotienten zweier kleiner Zahlen, also nur sehr ungenau. 

Man setze daher — 

A'B ss^ooBto B^KT/iflinio 

und hat dann sogleich — 

(A:) BF = ^, Bm2w. 

Femer wird — 

/jjj _j- j(3|)9ss^>4-/i'ooB^tP8in2a;4'/''>UA*^Bi]i2a;' + /** «n 2w {co8(« — as') + Hin(« + as')} 
. . (<Ki ^s- /}i)' 8s ^* — . fi* gob' 117 Bin 2a; — |i' sin' w Bin 2a/ + /i* Bin 2u7 {oob(» .as) — mM?o + ^} 
(ai + A)" + («i - A)' « 2(a.« + jS,-) = 2i^ + 2,*« Bin 2w oofl(» - 7f) 

^« = a/ + 0/-2A'BF5^=^' 
(i) /i* =- fn« + 4AA'. 
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: Endlich wird noch — 

a, — >/iOOBii7COBa; = |isini£; cos x 
/?! ^ fi ooB V) em X =s fji mn. w mn x' 

folglich — "* 

«i* + A* + /** «»* 117 — 2/i 008 to(a, ooB SB 4- j3i sin a;) s ^* sin* w 
^ 008 117 cob(^ — as) = ai* + /3|* + /*■ oos 2to 



, . , , V m* + u« 008 2io 

(fil) •••,.«.. * 008(U^ — «) = — ir-^ ' 

^ ' \T / 2nwiooBio 

Ebenso ergiebt sidi aber auch — 

, V ,. ^ m*— II* 008 2t(7 

(n) oobN/ — «^ = — o • 

^ ' ^^ ' 2/iiw Bin w 

Durch eine dieser Gleichungen wird man x oder a/ scharf erhalten und findet dann 
den andem Winkel durch die enteprechende der Gleichungen — 



(0) 



i^ ^ = am(« — ») 

/i 008 to ^ ^ 

m 8in(a5 —-it) . , .. 
^^ i^ = sm(aj — 06), 



Man bestimmt also aus der Gleichung (l) zunachst ft, findet dann aus (k) den 
Winkel w und hiermit die Grossen fi und B' aus den Definitionsgleichungen. 
Schliesslich berechnet man x und xf aus den Gleichungen (m) (n) (o). Zur Controle 

rechnet man mit diesen Werthen ShF ein bestimmtes t/ den Werth yqn (-) aus 

und yergleicht ihn mit dem direkt nach Gleichung (II) gefiindenen. 

1st man so zur Kenntniss der Coefficienten der Gleichimg (13) gelangt, so erhalt 
man weiter — 

(^') = {1 +B 008(17' -x)}-* {A' + F 008(1^ -aO}"^' 

imd es ist nun die Entwicklung der Faktoren der rechten Seite leicht auszufuhren, 
da man hat — 

[P -. Q 008 \py = Joo* + a • 008 ^^ + a," COS 2^^ + . . . . + a<* 008 t^^ + . ... 

a<* a« / ' (l — p 008^J ' 008*^ €fi^ 

Die fur eine zweckmassige Entwicklung der a/ Coefficienten nothigen Formeln 
giebt Hansen in aller Ausftihrlichkeit in seiner '^ Auseinandersetzung einer zweck- 
m&ssigen Methode • . . etc." ; dieselben dttrfen hier filglich als belcannt betrachtet 

^j flir 16 oder, wenn nothig ftir 
24 oder 32 Werthe von v aus und erhalt dann durch Yerallgemeinerung fiir alle 
Werthe des v nach der Methode der Mechanischen Quadratur ftir (^j eine nach 
den sin. und cos. der Summen und Differenzen der Yielfachen von v und i/ 
fortschreitende Beihe. 
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Die Bildrmg der ttbrigen zur Entwicklung der Storungsfunktion noch nSthiigen 
Ausdrttcke erledigt sich schiiell. 

^ = (1 — «") (1 + «' COB «)-* entwickelt man entweder nach bekannten Begeln in 

eine Beihe^ deren Coefficienten analytische Funktionen der aufeinaiider folgenden 
Potenzen von e' sind oder man wendet, wenn dies nicht genUgt die oben erwShnto 
Entwicklung negativer gebrochener Potenzen des Binoms an. Es wird hier — 

, 1 r+» do 1 1 f ' COB «' + /)+» * 

Oo* s=» - / 1— ; — ; 7 = ., ^ arc COB ^r-i — 7-^ — 17 r 



rVT 



=={arcco8(coBe')}_^ = ^j^==^ 



^ OOBf 



>• aT 



Binx — — •= — nnf P,«= j^ X, = —^ 






Bseo*^ 



l+f+ 



etc. 



ae) . . . . 

Man hat dann — 



suit- COB 5- 
OOB-I- 



r; = (1 _ «'«) {K + s V 006 tt»'}. 



In dieser Wdse. jnuss jeden&lls — 

r = (1 _/)(! + « 008 »)-> 

entwickelt werden. - und - konnen wir in Bezug auf die wahre Anomalie v deft 
gestorten Eorpers in geschlossener Form darstellen ; denn es ist — 

(17) .... — = — ^— t ; J - = -s -5 (1 4- COB «). 

Endlich ist durch das soeben angegebene auch schon die Entwicklung der 

Coordinaten — 

., ^. o ooB t^ o Bin n 

(18) . . . . oj = r cos v = r-^7 y = r sm t; = -^ 

^ ' l + acoB« ^ 1+acoBv 

erledigt, so dass una nur noch die Behandlung von H und -^ librig bleibt. 

Die Entwicklung von H ergiebt sich direkt aus der Gleichung — 

H « oob(v + w) oob(«' + w') + an(v + w) 8m(«' + »') cob L 
Dieselbe lasst sich zunSchst tiberfuhren in — 

H = coa(y — «' + r — »') — 2 sin* JI sm(t; + w) sm(v' + »'). 
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Nun ist aber — 

o(m(v — f/ -f- r — »') =8 cos(t; — v') cob(» — ir') — 8m(i; — v') Bm(5r — «•') 
H mn(v + w) Bm(V + O « «»(« — '«'') <50B(ir — »') — oob(v + v') 008(» + tt') — Bin{v — v') Bm(«- - »') 

+ 8m(i; + v') Bm(ir + ▼')• 

Eb eigiebt sich so sehr einfieu^h — 

(19) . . H = coB(v - v') coB(ir - r') co8> JI + oob(« + v') oob(» + »') sin* J-I 

— Bm(« — v') Bin(ir — »') cos* JI — Bm(v + »') Bin(«' + »') sin* JI 

(20) ^ = - wa(« - t;') C08(ir - w') C0B» JI - ahi(v + v') oob{w + w') sin* JI 

— ooB(t> — t/) am(» — w*) cos* ^I — co8(t? + v') Bin(ir + «■') ™^* JI* 

Damit aber sind alle in der StorungsfunkUon und ibren Differentialen 
vorkonunenden Ausdriicke in Beihen entwickelt und der Integration ist ein 
Ausdruck von der Form — 

*"2^ "S^ (tfc) co8(w - %v) + (its) sin(iv - tv') 
I--00 f-o 

zu Grunde zu legen. 

3. Die Integration der Reihen. 

Scbon die erste Arbeit Uber das Problem der drei Eorper, Euler's Untersuchungen 
liber die Ungleicbbeiten des Jupiter und Saturn aus dem JaUre 1748 enthalt 
Entwicklungen nach den Kreisfunktionen der Vielfacben gewisser Winkel ; dort 
kommt in dieser Beziebung der Unterscbied der beliocentrischen Elongationen 
beider Korper in Anwendung. So wicbtig eine passende Wabl des Entwicklungs- 
elementes nun fUr die Convergenz der Beiben ist, ebenso ^nflussreicb ist sie auf 
die grossere oder geringere Scbwierigkeit der Integration. So lange nur eine 
Entwicklung nacb den mittleren AnomaUen, yerbunden mit einer Differentiation 
nacb der Zeit, in Anwendung kam, bot die Integration der einzebien Ausdriicke 
irgend welche erbeblicbe Scbwierigkeiten nicbt. Aber scbon zur Integration der 
Bach der excentriscben Anomalie des gestorten und der mittleren des storenden 
fortscbreitenden Beiben musste sicb Hansen ein eigenes Yerfabren entwickebi« 
Andere Beiben aber sind bislang nocb nicbt angewandt. 

Um ein vollig allgemeined Integral fair den bier vorliegenden Ausdruck zu erbalten, 
mtlsste man eine doppelt unendlicbe Beibe yon Bedingungsgleicbungen auflosen, 
wenn man den bier angewandten Weg der Entwicklung durcb unbestimmte 
Coefficienten einscblagt. Auf eine einfacb unendlicbe Beibe yon Bedingungs- 
gleicbungen wird man aber gefubrt^ wenn man die Entwicklung nacb der Anomalie 
des einen Eorpers durcb mecbaniscbe Quadratur ausfiibrt Da nun bei den 
storenden Flaneten wobl stets ein der Zeit fast proportipnaleir Gang in den 
Wertben der Anomalien auftreten wird^ so ist die Integration binsicbtlicb seiner 
iin folgenden durcb mecbaniscbe Quadratur ausgefuhrt. Es wird bei dieser Wahl 
stets ausreicbend sein, sich bei der Bestimmung der Coefficienten auf hochstens 1 6 
specielle Werthe der Anomalie des storenden Korpers zu beschranken. 
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Eine weitere wesentliche Erleichterung erhSJt man dadurch, dass man sich nur 
mit der Integration der Cosinusglieder zu besch&ftigen brauchi Setzt man 
namlich — " 

mit der Bediogung— 

dta . dx 
dw dy 

SO erhalt man auch — 

/sin ixdy -= ^ / ^^^ ( 2 "" **) ^(2 — y) = — /^^o^'*'' ^* 

Da nun dieses Integral der Bedingung ^ = < j- geniigt, so wird — 

/oo /x \ 00 

sintardy n= — 2a^8m ( j— (♦ + fi)x] == S a^ ooB(t + /i) « 

Es sind hiemach, abgesehen yom Yorzeichen, die Coefficienten der Entwicklung 
des Cosinus zugleich auch die der Entwicklung des Sinus, 



Man hat nun — 



a -^ T^ dA^ r* 

do _ VI +m ^r^ ^ VI +m ^^ (l+gooBt>y 

dif'^VT+^VPf* ~ Vl+m Vp'jp^ (l+eooBtO" 

Der Einfachheit wegen werde nun eingefUhrt — 

*<^^ - VlT^ ^ (1 + a' COS 1,7 
Versteht man dann imter n und w' die mittlere siderische Bewegung des 
gestorten und des storenden Korpers, so hat man — 

Damit erhalt man dann einfiskcher — 

(1) m^i^:T^i^ + <^'^^T* 

(2) S=^t,'){(l+9+2^coet, + ^ooB2t,}. 

Es besteht unsere Aufgabe nun in der Bestimmung der Coefficienten der 
Entwicklung — 

/^OOB ivdv = 2 a'^ sin(t + fi) v. 
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Die Differentiatioii dieses Ausdruckes nach v' ergiebt uns die Bedingungs- 
gleichungen zur Bestimmung der a Coefficienten in folgender Form — 

GO dff 

(3) . . . ooew- 2 i'»ooB{(» + /»)»} (»+/») 5^ 

(4) . . . ooBur= II ^t/) (< + /•)(! + j)«; cos [(»• + ,.)«] 

+ *(•')(•' + /«)« < [00B(< + ,.+ l)v + 008(t +/._!)•] 

+ *(»') (i + /*) I < [co8(< + M + 2) « + oo6(» + /. - 2) •] j- . 

Diese Gleichung muss nun, weil sie fUr alle moglichen Wertibe des v gelten soil, 
identisch erfUllt sein. 

Man erhSlt daher die folgenden Bedingungsgleidxungen — 

{0 =(i+l)(l+^)«.'+ <««,« +(< + 2)««.' + (.-_l)^«J. + « + 3)j«.' 

-(<-l)(n-^)«J,+ (<-2)««_'.+ V««.' + («-3) j«J, + (»-|.l)^«.« 

»(t + 2)(n-5)«.'H-(» + l)e«.« +(t + 3)e«,'+ < J V + (» + 4) j«.' 

-(t-2)(l + 0«.',+ (i-3)««J,+ (<-l)««J.+ (»_4) j^««+ ij«.« 

etc«| etc. 

Es sind alle diese Gleichungen in der allgemeinen Form enthalten — 



{ 



(6) 



+ (< + /* + 2) j«;^. 
o-(<-/*)(i+9«Jm+(»-/»-i)««-V-.+(»-/'+i)««-/.+.+(«-/'-2)J«.V., 

+ (t_;. + 2) j«_v^,. 

Fiir /A darf man in diesen Gleichungen alle positiven Werthe mit Ausnahme der 
NuU setzenT Man addire und subtrahire nun je zwei dieser Gleichungen, in denen 
ft denselben Weiih hat. . Dabei bediene man sich der einfacheren Bezeichnungen — 

Es entstehen so die beiden folgenden Systeme yon Gleichungen — 
= (l + 5) »,« + «»,* + «»,• + ^'«rl. + y»; 

o-(i + »,' + «».' + «»; + 5*,' +!»/ 

etc., etc 
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(7). 



i' 



+ tV 



etc., eta 



Die Grossen 8 lassen aich nun aus ihren Bestimmungsgleichimgen in Ketten- 
briiche entwickeln. Bedenkt man namlich, dass zufolge der Definition — 

ist, so vereinfacht sich die erste der Gleichungen (8) zu — 

w ■• • • o=^^v + ««.• + ? V. 

V und setze — 



Man dividire diese Gleichung durch ^ 

4« 



(11).. . . . 
80 erh^lt man — 

folglich wird — 
(12). . . . 



«i = 






v« 



= 1 + 4+-? t + 4+7 i* V 



V -1 V 



(13) 
(14) 



• tf--'*'-!"'^ 









3 4- a* 
Die zweite d« Gleichungen (8) ergiebt weiter durch Division mit — §— *» 

0=1 + 2T? 5? + IT? ^ + 2(2 + «*) 1? $ 
Mit EinfUhrung der Bezeichnungen — 



(16) 



(16). 

■wird alsc 
(17). 



• • • 



2, «a 1 e, n, 

« 



>.« - «. 



5^ 



•^ +*i 



V 



U 
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(19) 



^ ^ _ 22 V _ £i^ 



Behandelt man in derselben Weise die dritte der Gleichungen (8), so bestinimt 

sich aus derselben ji unter Benutzung der Gleichungen (14) und (18) in folgender 
Weise — 

(20) «a=l 2!cj — ln,Ci + niCi-! 

(21) «.= ic.(l-| + l!^') 



<^^> l--t^' 



(23) 



V ^ _ ^ _ Cl V 
V z, hS,' 

l^*^ Ti T T* ~ T* 

Fuhren wir endlich mit zu Hulfenahme del* Gleichungen (19) und (23) dieselbe 
Betrachtung noch an der viei-ten der Gleichungen (8) durch, so stellt sich die 
Entwicklung so — 

- 1 + 2< V J. 20 «.* e« V . «« a.* V 

"^ T+7i i:'^ 2 + e*V^ 2(2 + «») 8/ "^ 2(2 + «•) ^ 2? 
(26) ,^^i_i,^!^ + ^^^_'I 

m %-~^ 

. (29) ^=«^^_-; 

^ Von hier ab greift nun in der Bildung der Grossen z und n ein leicht zu fassendes 
Gesetz ob. Da namlich die folgenden der Gleichungen (8), wie auch die 
Htilfsgrossen zu ihrer Entwicklung aus einander durch Vertauschung der Indices der 
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veranderlichen Grossen mit den nachst hoheren entstehen, so kann man fur /* > 4 
allofemein setzen — 






(30) -I ** e'*«^-i ' *«/«-« Zfi^i «/«-«. 

Man erhalt dann — 



(31) m + ' = ^_ZL!k__ 

" n + c, .M+_. 

. ^. + . 

Verbindet man die Gleichungen (12) (17) (22) (27) etc. miteinander, so entstehen 
die folgenden Eettenbriicke — 



I > 



«» — 



Cl«4 



^ 7-; — ^-r — 



«»- 



91s — ®^ 



(34) . . . ^^ = _H+i 



«4 — etc. 



^M nu - ^^^^ 



71^ 






"'* + • 71^ + ,- etc. 



Es ist nun nach der Definition in (6) — 

Der Werth des Kettenbruches^^ ist aber voUig unabhangig von u Nimmt man 
ulso m hinreichend gross, so dass i dagegen verschwindet, so wird sein — 

lun ^+r'+\ « 1 lim ^ T "^ - ^ = - 1 liirut=:-^ = ^ I 

folglich — 

Ebenso kann man aber schliessen — 






am+8 + q-w-» 



Durch Multiplication erhalt man demnach — 

a* -I- a* 

limi?«PM + i Pm+ao^ mfoo -r ■-i'«-00 ^ 

Nun nehmen aber die a*^ CoeflScienten mit wachsendem Index: fortwaJirend ab; 
man kann dahqr den Zahler jenes Bruches im Yergleich zum Nenner unter jede 
angebbare Gren?e hinabbringen. Folglich erhalt man — 
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Fiir einen hinreiohend grossen "Werth von z erhalt man mithin — 

womit bewiesen ist, dass der Werth der Grossen 8* gegen Null convergiert. 

Um nun ein Urtheil uber die Schnelligkeit der Convergenz des Kettenbruches 
p zu erhalten, ist der Werth von j>, fur zwei verschiedene Excentricitaten berechnet. 
Es sind dabei als Beispiele die mittlere Excentricitat e = 0*2 der Bahnen der 
kleinen Planeten und der extreme Fall e =» 1 gewahlt. 

Im ersten Falle fUhrte die Rechnung zu f olgendem Besultate — 



e «0'2 


c. » 0-009804 


' ~ 


«, = 1 


n. » 0-19802 


», r= 50499 


*, = 0-98117 


fi, xo 01 9414 


5-0977 


Zt ^ 0-96069 


«, = 0-19410 


6-0971 


«< :» o-9eo6a 


n« -= 0-19410 


6-0971 



Die fiir pi gegebenen Werthe sind die aufeinander folgenden Naherungswerthe 
des Kettenbruchs. Fiir den zweiten extremen Fall ergaben sich folgende 
ZiflTern— 



«. = 1 


«, = ! 


p, = — 1-25000 


«»•= A 


"• = n 

^ = k 

»4 = l 


_ 1-6000O 


?rft 


— 1-76000 


- 1-82857 


>^^^ 


«» = TT 


_ 1-87500 


- 1-90482 


"• = lt 
«» = TT 


— 1-91295 


««-=^ 


_ 1-91400 


*. = i^ 


_ 1-91413 


«..= ^ 


«'.= A 


— 1-91413 



Man erkennt hieraus, dass man im &ussersten Falle nie weiter als bis zur 
Berechnung der ersten 10 Nalierungswerthe zu gehen braucht, um den Eettenbruch 
biB auf die fiinfte Decimale genau zu erhalten. Weil nun aber bei den Grossen p 
mit hoherem Index die ersten am meisten abweichenden Naherungswerthe nicht in 
Betracht kommen, so wird die Convergenz eine noch weit schnellere sein. 

Es ist nun schon gezeigt, dass fur einen gentigend grossen Werth von n sich 

das Produkt PnPn + i P^ d^^i Werthe Null beliebig nahert. Dies ist 

natlirlich nur moglich, wenn jede der Grossen Pn + v von Null nur sehr wenig 
verschieden ist. Berechnet man also die Grossen p, bis man zu der Null hinreichend 
genaherten Werthen gelangt^ so sei etwa — 

Es kann nun ein Bruch nur dadurch Null werden, dass sein Zahler unter jede 
ai^bbare Grenze sinkt, oder sein Nenner beliebig gross wird. Wir haben schon 
gezeigt dass hier das erstere eintritt. 

Sobald also p^ dem Werthe Null beliebig nahegekonunen ist, weiss man daas 
^^' ^ gesetzt werden darf. Man erhalt dann aber nach der Definition — 

(36) i,*^{i + q)a,*^{i^q)al,^0 

^ _^ t^ q 
oj, i + q 
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Durch die Berechung der Grossen p kann man also den Werth des q finden, von 
wo ab man setzen darf — 

(37) ai^k{i^q) al, = *(t+5r). 

Die Grossen S| erhalten dadurch folgende einfache Bedeutung — 

^^""^ 1 ir.V. = 2*(t + 5 + 2) (i - g _ 2) ir.V, = 2k{i + q + Z) {% ^ q ^ Z). 

Setzt man diese Werthe nun in die {q + !)•*• der Gleichungen (7) ein, welche 
lautet — 

= (i + '^1 + ^^i + <+. + J '/*.+ J 'Ai 

80 kann man aus derselben cr/. i durch k ausdriicken. Hit diesem Werthe geht man 
dann in die 9^ Gleichung ein und erhalt aus ihi* o-^Ls ausgedriickt durch k. So 
fortfahrend erhalt man schliesslich o-o* aus der Gleichung — 

^= (^ +l) '•' + ''^' + ^.' + I '•' + T '/ 

in welcher alle Grossen o- bis auf a^ schon durch k ausgedriickt sind. Durch die 
erste Gleichung, die sich schreiben lasst in der Form — 

bestimmt man dann k und kann schliesslich die Gleichung — 

2ur Controle benutzen. 

Es sind damit also zunachst alle Grossen o^ bekannt Weil nun aber — 

(39) ir/ « 2t a,' « 8/ 

ist, und das Yerhaltniss aller Grossen S/ zu einander ebenfalls gegeben ist, so 
werden dadurch auch die Grossen S/ bekannt 

Aus den Systemen der Grossen o- und S erhalt man dann auf einfachste Weise 
die a* Grossen durch die Gleichungen — 

Hervorzuheben ist nun noch, dass die Grossen p, wie schon friiher erwShnt wurde, 
von dem speciellen Werthe des i voUig unabhangig sind. Dieser Theil der 
Eechnung braucht also nur einmal ausgefiihrt zu werden, da auch t/ nirgends 
vorkommt. Letzteres gilt schliesslich auch fur die Beziehungsgleichungen zwischen 
den verschiedenen o- Grossen, da nur der allgemeine Faktor k von ^(t/) abhangig 
ist. 

Die Integration der Ausdriicke cos iv dv' ist damit fur specielle Werthe von v' 
erledigt. Ihre Verallgemeinerung fiir alle Werthe des t;' geschieht durch 
mechanische Quadratur. 

O'Gyftlla, 1882, Marz, 
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BEOBACHTUNGEN VON SONNENFLECKEN AM ASTEa 
PHYSICALISCHEN OBSERVATORIUM ZU O'GYALLA. 



Grappe. 



Mittlere Zeit O'Gyalla. 



BemerkuDgen. 



1882. 
Januar 3-4783 



„ 8-4879 

„ 9-6579 

Januar 3-4783 

9-5579 



Rotations periode 282. 



339°-46 


306"-l 


123°-71 


31°-73 


+ 13°-72 


347-64 


313-1 


122-28 


30-30 


+ 14-95 


013 


339-2 


11818 


26-20 


+ 17-04 


288-68 


873-7 


184-09 


20-64 


+ 16-45 


285-66 


949-6 


188-89 


20-17 


+ 16-53 


128-81 


661-9 


94-90 


2-92 


_ 24-51 


238-36 


674-5 


182-72 


3-00 


— 27-23 



Fleck an der Westgrenze der 

Gruppe. 
Grosster^mebrkei-niger Fleck. 
Ostlichster Fleck. 

> Hauptfleck der Gruppe. 

JFlecke aus einer sehr iinbe- 
standjgen Gruppe. 



Januar 



99 

Januar 









Kotations periode 283. 


11-4790 


293-27 


607-8 


160-87 


314-75 


+ 12-74 


12-4770 


286-79 


772-6 


176-66 


316-30 


+ 13-38 


13-4803 


299-61 


738-7 


170-65 


296-98 


+ 21-71 


14-4801 


293 06 


853-4 


185-42 


296-49 


+ 21-60 


15-4868 


29207 


898-7 


192-84 


289-54 


+ 22-89 


9-5679 


56-44 


890-3 


64-18 


245-46 


+ 27-11 


11-4790 


42-62 


716-8 


89-89 


243-7T 


+ 27-41 


12-4770 


30-57 


616-2 


103-57 


243-21 


+ 27-47 


13-4803 


1312 


546-7 


117-35 


242-68 


+ 27-97 


14-4801 


362-28 


525-4 


13104 


242-11 


+ 28-01 



JSudwestlichster Fleck einer 
schwachen Gruppe. 

> Fleck derselben Gruppe. 

Letzte Spur der Gruppe. 

Einzelner kleiner Fleck. 



I^ = 236°-78 + 0°-167 b. = + 27° -59 + 0o-387 

Januar 11-4790 

12-4770 
„ 13-4803 

„ 14-4801 

„ 16-4868 

„ 18-4822 

19-4845 



13«-6976 



^ = 13^-687. 



58-06 


624-9 


90-80 


244-68 


+ 14-48 ] 


45-96 


4710 


104-91 


244-55 


+ 14-23 


17-71 


3410 


120-46 


245-79 


+ 14-55 


338-86 


331-5 


134-89 


245-96 


+ 14-55 


310-85 


441-0 


149-08 


245-78 


+ 14-65 


282-56 


855-6 


191-90 


245-87 


+ 14-22 


279-31 


940-7 


207-02 


246-69 


+ 14-31 J 



Fleck im S. W. der Gruppe. 
Der Kern theilte sich 
zwischen Januar 15 und 
Januar 18 ; es wurde die 
Mitte beider Stiicke 
beobachtet. 



I^ = 246*>-98 ± 0^-417 6. = + 14^-43 + 0°-172 { = 14^-2976 {, = 14°-163. 



Januar 



12-4770 
13-4803 
14-4801 
15-4868 
18-4822 
19-4845 
21-5886 



69-81 


934-3 


55-81 


195-45 


+ 14-39 


66-17 


856-4 


69-51 


194-84 


+ 14-88 


60-71 


732-7 


84-36 


195-43 


+ 15-13 


61-80 


587-5 


98-77 


195-47 


+ 15-27 


331-66 


352-1 


141-23 


196-20 


+ 14-67 


306-70 


473-6 


165-62 


195-19 


+ 15-03 


285-44 


778-7 


186-68 


195-32 


+ 15-19 



I^ « 195**-23 + 0°-222 6. = -|- 14°-94 + 0^-291 



Grosserer schon entwickel- 
ter Fleck. Bis Januar 
18 zeigte er einen mehr- 
fachen Kern, dessen 
grosstes Stuck beobachtet 
wurde. Spater stellte er 
sich als einfacher runder 
behofter Fleck dar. 



Januar 
Januar 



19-4845 
18-4822 
19-4845 
21-5886 



183-28 


254-6 


137-16 


176-82 


19-64 


511-9 


118-71 


172-68 


365-28 


467-6 


133-11 


172-78 


312-34 


602-7 


161-88 


171-62 



{ .-= 14^-2607 £, = 14^-160. 
^ 19-69 I Einzehies Fleckchen. 
T oQ.Cit I Kleiner sich aufldsender 
+ 23-76 I ) ^^^^ 
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Gruppa. 


Mittlen Zeit O'GjalU. 


P 


P ^ 


L 


b 


Bamerkmigeiu 


L, = 171°-34 + 0°270 b. = 23°-61 + 0-162 { = IS^-SBSS «. » 13°-861. 


8 


Januar 18-4822 


99"'-27 ,961"-8 


5r-93 


106'-90 


- 16^38 






19-4845 


98-26 


907-3 


65-27 


105-21 


— 15-98 






„ 21-5886 


100-88 


6580 


94-74 


104-38 


- 16-39 






26-4774 


232-01 


410-5 


164-14 


104-05 


— 16-36 




L. = 104°-68 + 0°-439 6. = - 16<'-28 ± 0»199 { « 13° 


-9968 {. = 14''-114. 


12 


Januar 31-5059 
Februar 1-5085 


273-57 
27011 


8180 
911-9 


201-50 
215-34 


69-46 
69-20 


4- 9-88 
+ 9-73 


> ISnzelner kleiner Fleek. 


11 


Januar 264774 


111-71 


617-7 


116-37 


56-28 


- 25-43 


Voiangehender euus I>oppel> 
fleckes. 


13 


Januar 31-5059 


239-94 


540-6 


179-48 


47-64 


— 14-67 


Einzelner kleiner Fleck. 


10 


Januar 26-4774 


57-91 


841-2 


85-24 


25-15 


+ 15-83 


OroBser behofter Meek. 
Neben dem groaem 
Hauptkeme, der beo- 
1 bachtet wnrde, zsiglien 
sich stets nock 1 oder 2 
kleineie. Auch die 
Penumbra erliit mannig- 
faltige Aendemngen. 




31-5059 

Februar 1-5085 

2-5328 

3-4850 


323-03 
30111 
288-62 
281-65 


400-6 
517-5 
6661 
787-1 


156-81 
171-04 
185-81 
199-15 


24-97 
24-90 
25-06 
24-79 


+ 16-14 
+ 16-10 
+ 16-27 
+ 16-16 




4-4850 
„ 6-5276 


276-79 
273-68 


889-9 
953-7 


213-37 
227-82 


24-77 
24-34 


+ 1603 
+ 16-05 


I^, = 26«-48 + 016 


1 6, = + 16*'-06 + O' 


'-138 { = 14°-2080 «. = 14°-120. 


15 


Februar 1-5085 


241-39 


183-7 


168-10 


11-96 


_ 8-76 


Mitte einer aus drei Fleck- 
chen bestefaenden Gruppe. 




„ 2-5328 


250-85 


437-6 


160-76 


14-57 


_ 8-06 


Kleiner Fleck. 



Die benutzten Bezeichnungen sind durchgehends den Sporer'schen Publicationen 
ancrepasst. Zur Beduction wurden ebenfalls die Spdrer'schen Constanten benutzt 
Die angegebene Beobachtungszeit ist die bUrgerliche vermindert um den Betrag 
der Aberration. L^ ist der nach der Methode der kleinsten Quadrate abgeleitete 
wahrscheinlichste Werth der heliocentrischen Lange, ^ der entsprechende 
Rotationswinkel ; 6^ ist das arithmetische Mittel aller beobachteten heliocentrischen 
Breiten, ^o endlich der aus der Sporer'schen Formel — 

{ = 8°-648 + 6-798 cos 6, 
folgende Werth des Rotationswinkels. L^ und h^ sind die ubrigbleibenden mittleren 
Fehler der einzelnen Beobachtung hinzugelligt, aus deren Grosse man einen Schluss 
darauf machen kann, ob der betreffende Fleck wahrend der Beobachtungen eine 
merkliche eigne Bewegung besass oder nicht. Freilich reicht das vorliegende 
Material noch nicht aus um eine obere Grenze dieses Fehlers bei unzweifelhafter 
Unveranderlichkeit des Ortes zu geben, da ich erst seit Anfang des Jahres die 
Beobachtungen und Bechnimgen ausfuhre. 

Dr. H. Kobold, Observator. 

O'Gyalla, 1882, Februar 10. 
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UEBER DAS ZODIAKALLICHT. 
Von Professor W. KLINKEKFUES. 
Was die EntstehuDg des Zodiakallichts betrifil, so lasst sich beweisen^ dass die 
Coineten, darunter vorzugsweise die von Kurzer Umlaufszeit um die Sonne, indem 
sie sich in Stemschnuppenringe auflosen, in der Gesammtheit des von diesen Ringen 
reflectirten Sonnenlichts gerade eine solche Erscheinung, wie das Zodiakallicht 
mit alien seinen oft aufiallenden Eigenthiimlichkeiten, hervorrufen mtissen. Da 
nun dieses zu Erwai^tende auch wirklich geschehen wird, so rechtfertigt sich durch 
einen einfachen Schluss die Annahme, dass das Zodiakallicht sich nach und nach 
aus Cometentrtimmern aufgebaut hat und noch weiter ausbaut. 
Gottingen, 1882 Marz. 



NOTE ON THE ASPECT OF MARS IN 1881-82. 
By C. E. burton. 

Professor Schiaparelli has continued his researches on the configurations and 
changes of the several classes of markings on this planet by the aid of the fine 
refractor of 218""' (8 '7 inches) aperture which was employed by him in studying 
them during the apparitions of 1877-8 and 1879-80. The most remarkable 
result of his latest researches* has been the confirmation and utterly unexpected 
extention of a discovery first made in 1879; that under certain circumstances 
(one of which seems to be the neighbourhood of the planet to the vernal equinox 
of its northern hemisphere) the dusky streaks, provisionally named ** canals/* 
become double in whole or part of their length — ^not by the central division of 
a previously existing streak and the increase of the distance between the parts — 
but by the production of a new streak to the right or left of that originally existing, 
which retains its position unchanged. In some cases a slight difference of aspect 
between the original streak and its companion can be perceived and occasionally 
they are slightly divergent in direction. The premonitory symptoms of duplication 
have been detected in more than one instance, notably those of the Ganges, 
Euphrates, Titanum, and Pyriphlegethon, in the appearance of a nebulous shading 
on one side which speedily presents itself under the aspect of an independent 
dusky streak. 

It would also seom, that a tendency to division lengthways is occasionally 
manifested by some of the coarser markings to which a certain degree of permanence 
has hitherto been attributed. This is markedly displayed by the large dark spaces 
denominated by Prof. Schiaparelli the Mare Cimmerium (the eastern half of the 
Maraldi Sea of Mr. Green) and the Sinus Sabseus (Herschel II Strait). It is also 
remarkable that all the principal projections southwards from the dark girdle of 

* Published ia March last in a short preliminary note in the IVansunti delUi R. Acadgmia dd Linoei (6 pp.). 
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the north polar region, part of which bears the name of the Mare Boreum and the 
Sinus Alcyonius, and may be identical with the Campani, Schroter and Delambre 
Seas of Mr. Green's map, are divided in the direction of a parallel or nearly so, by 
a narrow bright line. Part of this bright line seems to be indicated on Mr. Green'& 
map as Laplace Land and as a division between Enobel and Aiiy Seas and 
Campani Sea to the north of them. 

Professor Schiaparelli further notes that there is reason to believe that some of 
the principal markings undergo changes of form of very large amount. This was 
very evident in the case of the Syrtis Major (Kaiser Sea) which was seen to have 
increased considerably in breadth on its western and north-western side as well aa 
to have extended itself as a broad dark ribbon of double curvature far to the 
northward of its apparent termination in that direction in 1879. The Nepenthes 
and Lacus Moeris (Main Sea) were much broader and darker than in 1879 while 
there remained scarcely a trace of the Coloe Palus (part of Nasmy th Inlet), which 
had been so conspicuous. These changes render it demonstrable that the dark 
markings are due to some obscuring cause which is capable of being transferred 
from place to place, and it is suggested that this may be some liquid or vegetation, 
though it is difficult to see how the former could be instrumental in bringing 
about the duplication of the '' canals " in the manner described. 

The westward encroachment of the Syrtis Major (Kaiser Sea) on Libya seems U> 
have begun between the termination of Prof. SchiapareUi's observations in 1878 and 
their re-commencement in 1879, having been detected at the first examination of 
this region under sufficiently favourable circumstances on October 24-29, 1 879. The 
amount of this encroachment may be judged from the fact that in 1879 the distance 
from the Triton Lacus to the Lacus Moeris was twice the distance from the latter 
to the Syrtis Major, while in 1877 the reverse had been the case. In 1882 the 
Triton [jacus seems to have become much less conspicuous than at the two* 
previous oppositions and is not traceable on a provisional chart issued from Milan, 
while the Lacus Moeris has become much larger and darker and is partially 
immersed in the dusky nebulosity spreading westward from the Syrtis Major. Thia 
state of things appears to have become much more marked in March last when I 
looked in vain for the Lacus Tritonis,jthough the principal canal in its neighbourhood^ 
probably the Lethes, and the brilliant point Nix Atlantica were very distinct. At 
this latter epoch the darkest part of the Syrtis Major inclined south-eastward and 
appeared as if about to eflfect a junction with the Sinus Sabseus (Herschel II Strait), 
the whole of the darker shadings in this region resembling more closely those 
shown on the sketches of Mr. Knobel (Month. Not. XXXIII) and my own given in 
the Transactions of the R Irish Academy Vol. XXVI (Nos. 5, 6, 15, 16) than the 
appearances seen at Milan during the last oppositions. 

Using a nine-inch Newtonian (silvered glass) I have during the past opposition 
seen the following " canals " which can be identified with Schiaparelli's : Lethes, 
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AstapUd; Astaboras, part of Nilus, the northern half of Phison, Indus south of the 
elbow, with its continuation the Oxus. Chiefly owing to bad weather I have had 
no opportunity of studying the regions between 90"* and 250** longitude. 

The general impression left after reading Prof Schiaparelli's monographs is, that 
the larger and more conspicuous features possess a high degree of permanence, 
while there are continual and possibly periodical changes affecting the minuter 
details which will require prolonged study under the most favourable conditions to 
give an insight into the law of their action. But it is to be hoped that observers in 
good climates will in future follow Mars longer than has hitherto been customary 
until ^Prof Schiaparelli led the way. The least unsteadiness of the image is 
far more destructive to the advance of enquiry than a considerable increase of 
distance. 



A FEW ADDENDA TO ADMIRAL SMYTH'S ^'CYCIiK" 

In the library at Dun Echt are two copies of Baily's " New Tables for facilitating 

the computation of Precession, &c." (London 1827), which formerly belonged to 

Dr. Lee, of HartwelL At the beginning and end of the volumes a number of 

leaves have been bound, on which are entered various instrumental constants and 

notes on the methods of observing practised at Haitwell and doubtless also at 

Bedford. On the margins of both volumes are many manuscript not^es of colom* 

and duplicity of stars, generally without dates or references, but evidently for the 

greater part taken from Herschel's and South's observations. Many of these notes 

agree with the " Cycle," but many others refer to objects not contained in that 

work. On one of the fly-leaves are given the results of the single observations 

made by Admiral Smyth with Troughton*s reflecting circle to find the latitude of 

Hartw^U Observatory. As these are the observations on which the latitude so 

long given in the Nautical Almanac are based, it seems worth while to repeat the" 

results here : 

1829, April 5. By Sun's lower limb 51° 48' 3^-4 

Procyon 37*3 

Begolns 32*6 

April 8. Sun's lower limb 38-2 



51° 48' 35''-62 

The mean value is to be found on p. 169 of the " Spectilum Hartwelliaritim." 
On another fly-leaf are tables for reducing measures made with the bi-filar and 
rock-crystal micrometers used at Bedford and Hartwell, based on the values given 
in the Cycle, VoL I. p. 339, viz. : 1' = 19''-845 for the filar and 1 division - 0''-27 
for the chrystal micrometer. The table for the filar micrometer is arranged in 
columns of twenties with revolutions or divisions as argument, so that the most 
VOL. n. N 
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probable errors from using the wrong column of the table are 20' =» 6' 36"*9 or 
20^ = 3'' '969 in defect. On the opposite page there is a diagram of the position 
circle (similar to the one on p. 342 of the Cycle) ; the divisions go from 0** to 360"* in 
the same direction as position angles are counted, but as the circle rotates, the 
readings are in the opposite sense. The same page contains the following list of 
the eye-pieces (including that of the finder) with their magnifying powers, which 
will be useful to readers of the Cycle. We see that the crystal had but one 
power, while the filar micrometer had seven — 



No. QoAlitj. Times. 

1 The Finder 5| 

2 Negative 22 

3 Kegatdve 50 

4 Positive (micromtter) ... 62 

5 Negative 66 

6 Terrestrial 90 

7 Negative 93 

8 Positive (micrometer) . . .110 

9 Negative 118 

10 Positive (micrometer) . « .142 

11 Spherical Crystal .... 145 

12 Negative 147 



No. Quality. 

13 Single lens (revolver) 

14 Positive (micrometer) 

15 Negative . 

16 Positive (micrometer) 

17 Single lens (revolver) 

18 Negative . 

19 Single lens (revolver) 

20 Positive (micrometer) 

21 Single lens (revolver) 

22 Positive (micrometer) 

23 Single lens ^revolver) 

24 Single lens (revolver) 



Times. 
185 
228 
240 
340 
350 
416 
510 
600 
650 
850 
950 

1200 



It is scarcely necessary to remark that Nos. 13, 17, 19, 21, 23, and 24 are the 
single lenses of the " Polycratic Wheel " of the Celestial Cycle. 



COMET WELLS 1882. 

This comet was discovered by Mr. S. C. Wells, Assistant at the Dudley 
Observatory, Albany, on March 17, 16^ in RA 17*" 52«, Decl. + 32^ 30'. The Dun 
Echt Circulars, Nos. 46-50, contain elements computed by Messrs. Chandler, Boss^ 
Holetchek, Hind (two sets), Meyer, and Oppenheim, all of which are founded on 
observations made within eleven days of the discovery. The systems as yet 
published, which are based on the largest geocentric arcs, are those given by Mr. 
Hind in Nature^ April 20, founded on observations made at Harvard College^ 
March 19, Vienna, March 28, and Rome, April 6, and by Dr. Lamp (A.N. 2428) 
from observations of March 19, 30, April 9 and 27 : — 



T = 1882, June, 9-96974, Gr. M. T. 
» = 54*^ 25' 17"-2 ) 
a = 204 37 42-1 V App. Eq. April 0. 
t= 73 35 39-4) 
log q = 8-748238 

Direct Motion. 



1882, June, 10-56380, Berlin M. T. 

53° 54' 39" -7 
204 54 49-5 \ M. £q. 1882-0. 

73 47 

8-783674 



\\ M. £q. 



The comet will become rapidly brighter in the course of May and may possibly^ 
become visible in daylight about June 8, when it will pass very close to the Sun. 



Beobachtungen des Cometen WeUs, 
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96 Ueber die erste Auffmdung des Planeten Neptun. 

OSSERVAZIONT BELLA COMETA WELLS FATTE AL OSSERVATORIO 

DEL COLLEGIO ROMANO. 
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UEBER DIE IRSTE AUFFINDUNG DES PLANETEN NEPTUN. 

Aus den in dem Marz-Hefte des " Copernicus " veroffentlichten Notisen uber 
die Theilnahme tind Htilfsleistungen des verewigten d' Arrest bei der ersten 
Aufsuchung des Planeten Neptun scheint hervorzugehen, dass es Aeusserungen von 
d'Arrest selbst gewesen sein diiiiten^ die durch Missvearstandnisse successive 
umgestaltet den in Band 89 der Aatr. Nachrichten erwahnten irrthumlichen 
Bericht uber diesen Gegenstand erzeugt haben und liber dessen Ursprung mir 
bisher nichts bekannt geworden war. Nachdem ich yon der in dieser Hinsicht 
dankenswerthen Yeroffentlichung Kenntniss genommen, muss ich num aber doch 
um die Gestattung der nachfolgenden Bemerkungen dartiber bitten, die teh theila 
dem Andenken Encke's in Betref seiner diese Details nicht speciell erwahnenden 
Publication, theils ai|ch mir selbst dabei schuldig zu sein glaube. 

Le Verrier's ausftihrlicher, ajuf eine fruhere Correspondenz von mir Bezi^ 
nehmender und durch den Ausdruck eines besondem personlichen Vertrauens mir 
werthvoller Brief vom 18 Sept. 1846, den ich am 23 Sept. erhielt, gab zu der 
Nachsuchung in Berlin bekanntlich den ersten Anlass. Unmittelbar nach dem 
Empfang zeigte ich diesen Brief Eneke, welcher einer Berticksichtigung 
dieser Angelegenheit vorher sehr abgeneigt war, nunmehr aber zustimmte, mir 
jedoch die Ausfiihrung dieser mir personUch zugegangenen Aufforderung allein 
uberliess. Inzwischen sprach d'Arrest, davon vemehmend, den Wunsch aus, an der 
Beobachtung theilnehmen zu diirfen. Obgleich es nun nicht meine Absicht sein 
konnte, diese Nachsuchung und die Moglichkeit eines etwa sich ergebenden Erfolges 
in wesentlichen Puncten an einen andern Beobachter abzutreten, so lagen doch 
dergleichen Gedanken hierbei fern und es wurde mir unfreundlich erschienen sein, 
den Wunsch dieses jungen eifrigen Astronomen irgendwie abzulehnen, so dass ich 
zu der Begleitung gern meine Zustimmung gab. Derselbe half daher bei dem 
Aufschreiben, dem Nachsehen auf der Karte und vielleicht noch einigen andern 
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Operationen^ die ich im einzelnen nicht mehr in der Erinnerung habe : welche ich 
jedoch, wie nicht naher erortert zu warden braucht, ohne erheblichen Zeitverlust 
durcbaus auch selbst batte ausiiibren konnen^ und die daber zwar personlich 
dankenswertb, sacblicb aber irrelevant waren. Dagegen babe icb stets als einen 
wesentlicb wertbvollen Beitrag fiir eine scbnellere Aufsucbung des Planeten das 
baldige Erinnem d' Arrest's an die akademiscben Karten betracbtet, obgleich eben 
aucb bierbei die Meinungen verscbieden sein konnen und sein konnten, in wie 
weit es scbbesslicb fiir micb des Erinnems an die akademiscben Karten unumgang- 
licb und notbwendig bedurft babe. Immerbin tbut es mir leid, dass sicb fttr micb 
nicbt friiber scbon eine geniigende Yeranlassung gefunden bat oder icb eine solcbe 
nicbt friiber gesucbt babe^ die in Bd 89 der Astron. Nacbricbten gegebenen, jene 
freiwiUigen Htilfsleistungen d'Arrest's sebr verspatet wtirdigenden, Details 
mitzutbeilen : auf welcbe icb bier, um Wiederbolungen zu vermeiden, und in 
Yerbindung mit den vorstebenden Bemerkungen, in Bezug auf alle einzelnen 
Puncte zurtickverweisen muss. 
Breslan 1882 April 14. 

J. G. Galls. 



EECENT LITEEATURE. 

Sur le compagnon de Vetoile y dAnd/romhde et sur un nouveau mode de rSglage 
d^un Equatorial (Comp. Bend. T. XCIV. pp. 410 and 411) istbe title of a note by 
M. Cb. Andr^ on tbe performance of a new equatorial of 6 Paris incbes aperture^ 
made by Messrs. Brunner for tbe Lyons Observatory. Witb a power of 200 tbe 
companion of y Andromedse is neatly divided into two stars of tbe 8tb and ll-12tb 
magnitudes, tbe distance being measurable witb considerable diflSculty. On 
employment, bowever, of a special screen in front of tbe object-glass (most probably 
of tbe kind frequently used by M. Andr^ in bis experiments on diffraction and 
consisting of a number of concentric rings*) tbe distance could be appreciated with 
certainty and was found to be 0''-65. Tbis is sligbtly below tbe limit of separation, 
(/''7i3y assigned by Dawes for an object-glass of tbe size used. On account of its 
admirable optical qualities it is intended to use tbe telescope for tbe measurement 
of double stars. 

Tbe metbod of adjustment presupposes tbe use of a spirit-level applied to a 
cylindrical and adjustable rod attached to tbe telescope parallel to the declination 

* Prerions to 1885 Dawes, at the suggestion of Sir J. Herschel, had used a central stop '* for the purpose of HimtniAing the 
images of the stars." See Mem. Roy. AbU Soc., Vol. VIIL, p. ea. 
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axis, and also of a trough of quicksilver and a nadir eyo-piece. The latitude being 
known, all the adjustments, excepting that for azimuth, can evidently be made 
with the apparatus mentioned, without reference to the heavens. The cyUndrical 
rod would indeed not be required for many English instruments of medium size, in 
which the decUnation axis is provided with a striding level 

" G, V. Schiaparelli : Osservazioni . ... del Pianeta Marte, Memoria seconda, 
osservazioni delV opposizione 1879-80 " (Roma 1881, 109 pp. 4to with 6 plates). Id 
our December number an abstract of this memoir, which appeared last autumn, 
waa reviewed by Mr. Burton. The memoir itself has now been published, and is fully 
as interesting as its predecessor of 1878, but differs from it in the appearance of 
the Map of Mars from the observations of 1879-80, on which the surface markings 
are shaded according to their different degrees of intensity. This is a very great 
improvement on the map from the observations of 1877, on which only sharp 
outlines were given. 

"JVbte^ on the Physical Appearance of the Planet Jupiter during the Season 
1880-1. By Dr. 0. Boeddicker " (Trans. R Dublin Soc. Vol. I, 4 pp. and one plate). 
Twenty-five drawings made with Lord Ro8se*s 3 feet telescope accompany these 
notes ; they are reproduced by the Woodbury type-process and look extremely well, 
but probably the original drawings contained much more detail. The notes refer 
to the time of observation, definition, colour of the markings, &c. ; they contain no 
measures or transits of spots across the central meridian. 

Publications of the Cincinnati Observatory ^ 6 ; Micromttrical Measurements of ^5b 
Double Stars observed during the year ending Septembe^^ 1, 1880 (Cincinnati 1882, 
69 pp.). These measures were made by Professor Ormond Stone and Messrs. 
Howe and Egbert, whose personal equations were determined. The double stars 
observed are paitly those found by Mr. Burnham which seemed to need re-observing, 
partly objects situated between 0** and — 30** Declination, for which zone a general 
catalogue ot all known doubles is in preparation. The observations are given with 
all details. 

Reports of Astronomical Observatories for 1880 (Washington 1881, 126 pp. 8vo, 
from the Report of the Smithsonian Institution for 1880). We have already, 
(Vol. I. p. 241) noticed the corresponding Series of Reports for 1879. The one for 
1880 has, owing to the absence of Professor Holden at Madison, been prepared at 
the Smithsonian Institution, and a circular is affixed, requesting readers to furnish 
any corrections or omissions they might notice. It is to be hoped that this 
invitation will be responded to, as there is a very considerable number of errors 
in the Reports, not only misprinted names, but also erroneous lists of directors of 
Observatories. If cleared of these errors the collection of Reports would furnish 
luost important materials for a future historian of astronomical science, and 
directors of European and American observatories have it in iheir own power to 
increase the value of the collection by furnishing the Smithsonian Institution with 
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the necessary annual reports. Some of the communications might be shortened 
with advantage. 

Puhlicationen des astrophysicalischen Observatoriums zu Potsdam. Zweiter Band^ 
1881. This volume contains besides meteorological obs.ervations the following three 
memoirs : Beobachtungen der Sonnenflecken vom Januar 1874 bis December 1879, 
von 6. Sporer ; Darstellung des Sonnenspectrums bei mittlerer und schwacher 
Dispersion, von G. Muller ; Beobachtungen des grossen Cometen von 1881 (Comet 
III, 1881), von H. C. Vogel. 

Professor Sporer's Observations of Sun Spots are arranged exactly like those 
from 1861-78 previously published by the same observer and are accompanied by 
32 plates. From the observations the angle of rotation is deduced in 78 cases 
and compared with the formula ^ = 8*'"548 + 5^798 cos h (where 6 is the latitude)^ 
and here as formerly it is found, that very great deviations from the formula 
always indicate a motion towards the West (i.e. in the direction of the rotation). 
The Author ascribes this phenomenon to atmospheric currents directed vertically 
downwards, which transfer the greater linear velocity of rotation of the higher 
strata to the surface. The amount of the forward motion would thus depend on 
the excess of the actual height over the normal height in which the currents 
originate. The formula of rotation is explained by assuming, that currents from a 
certain depth within the body of the Sun reach the surface and transfer the lesser 
linear velocity from a lower level to the surface, while for the spot thus produced a 
decrease of the eastward drift is brought about by the downward atmospheric 
currents. In the case of spots of long duration the currents from the interior as 
also the atmospheric ones must be supposed to continue steadily without any 
considerable disturbance and only strong enough to sustain the spot. When such 
spots reach the solar limb, flaming protuberances are never seen. The observations 
show also, that such lasting spots in all heliographic latitudes are never subject to 
violent motions nor to great changes of shape. Isolated penumbrated spots 
originate generally from large groups, of which the other members disappear, while 
the causes to which the formation of the group was due, now have decreased so 
much that they only suffice for the preservation of the one spot. When these 
causes are again intensified, the spot is often torn asunder, and the group thus 
produced may then a second time give place to a regularly shaped spot These 
revolutions, when they occur during cloudy weather or while the spot is on the far 
side of the Sun, often make it impossible to reconcile the observations with any 
formula of rotation, and even from one day to another disturbances may take place 
which reveal themselves less through the shape and appearance of the spot than 
through a sudden change of its heliographic longitude. Of the various tabulated 
results of Professor Sporer s observations we shall only mention two, which express 
the mean heliographic latitude as a function of the time elapsed since a maximum. 
If t and ti be expressed in fractions of a year and counted respectively from 1860 46 
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and 187084, the following results are found from the observations made in 1856-68 

and 1866-1878 : 

h = 16°-31 _ 2*^-36 t + 0°-184 <« 
h, = 17-60 — 2-21 ^ + 0-139 t^\ 

The second memoir, by Dr. G. Muller (15 pp. and 2 plates) gives representations 
of the solar spectrum as seen with instruments of mean and low dispersion. The 
former extends from B to H and is drawn on a scale proportional to the wave- 
lengths, the latter extends from C to H and is drawn on a scale which increases from 
the red to the violet in order to approach nearer to the actual appearance of the 
prismatic spectrum. No measures were taken, but the lines visible in the two 
instruments employed were identified on Angstrom's and Vogel's plates. Dr. 
Muller's two maps will no doubt be found very useful in observations of stellar 
spectra or in observing the Sun Spectrum with smaller instruments. 

Dr. Vogel's Observations of Comet III. 1881 (14 pp. and one plate) relate to the 

physical appearance of the head and tail and to the spectrum. The mean results 

for the wave-lengths of the three spectral bands were— 

Firsb band, beginning • • • 562-9 Mill. Mm. 

Second „ „ ... 517*4 „ „ 

Third ,, middle or brightest part . . .469*8 „ ,, 

in very good accordance with Dr. Hasselberg's mean results from 18 comets.* The^ 
relative intensities of the various parts of the bands agreed better with those of 
the hydro-carbon spectrum than was the case in several other comets. Some 
laboratory experiments made by Dr. Vogel seem to indicate, that the Comet* 
Spectrum is composed chiefly of the spectrum of a hydro-carbon^ but modified by^ 
the addition of the carbon monoxide spectrum ; also, that the greater part of a> 
comet's light probably arises from electric discharges. 

Astronomical Observations and Researches made at Dunsinky Part IV.j Dublin 
1 8 82 (8 5 pp. 4to). This part contains the residts of about 1140 meridian observatioiia 
of 321 Bed Stars (nearly all from Schjellerup's Catalogue), made in 1875-76 by 
Copeland and in 1878-80 by Dreyer. The separate mean results are given for 
1875*0 and are accompanied by notes on the magnitude and colour of the stara 
The introduction contains a full description of the Pistor and Martins Meridiaa. 
circle with which the observations were taken and determinations of the errors^ 
constants, &c. 

* Coptmiciis I., p. 8S. 
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SPECTEOSCOPIC AND OTHER OBSERVATIONS OF SCHMIDTS NOVA 
CYGNI MADE AT DUN ECHT OBSERVATORY. 

(Communicated by the Earl of Cbawford and Balcarres.) 

It will be remembered that this remarkable object was discovered by Dr. J, F. 
J. Schmidt at Athens on November 24, 1876, at 5** 45" p.m. as a star between the 
3rd and 4th magnitude shining with an intense golden-yellow almost reddish light.* 
Although Dr. Schmidt that evening telegraphed the news of his remarkable 
discovery to Vienna, it was only by very slow degrees that any particulars found 
their way into the scientific periodicals. Not until late in December did any 
notice of the new star reach Dun Echt, and then only through the daily newspapers. 
Eventually a succession of bad weather deferred the first observation until 
January 2, 1877, by which time the star had already declined to the 7th magnitude. 
From that date until the middle of the following month spectroscopic and other 
observations were made whenever the weather permitted. From an impression 
that the spectrum of a star invisible to the naked eye would not bear a great 
amount of dispersion along with the amplification of the viewing telescope of a 
regular spectroscope, one of Professor Vogel's spectroscopes was used throughout 
this first series of observations and there is little reason to doubt that the 
instrument employed was well calculated to reveal the fainter details of the 
spectrum although it might not furnish the best attainable measures of the wave- 
lengths of the more obvious lines. Decreasing brightness of the star combined 
with increasing hour-angle and the evening twilight to put a stop to the observations 
on the 16th of February and the star was not again looked at until September 
2, 1877, when the startling fact was at once apparent that the spectrum was 
restricted practically to a single line; the • estimated magnitude being then 10^. 
Spectroscopic measures were made of this line on September 2 and 3 and October 
10, besides which the object was frequently tested prismatically in a less regular 
way. From the position of the star's light in the spectrum its rays did not accord 
in focus with the mean of the brighter rays of other stars and it is possibly from 
this cause that* the new star at this stage of its history generally seemed to have a 
small disk, one or two seconds in diameter. Towards the end of October 1877 
Nova Cygni had decreased still further in brightness and so pointed to the possibility 
that it might eventually fade altogether from view. In the event of such a 
contingency it seemed very desirable to possess a map of the small stars in the 
immediate neighbourhood ; accordingly measures in position and distance from the 
new star to surrounding objects were commenced on October 29, and added to as 

* Ast KacL, Ko. 2118; at the end of this paper will be found a list of the principal memoirs on Nova Cygni. 
VOL. II. 
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Observations of Schmidt* s Nova Cygni. 



occasion offered until the whole series of measures extended to 38 nights^ the last 
being 1882, March 24. The residting map includes every star fairly measurable 
with the Dun Echt refractor of 15*06 inches aperture within 7^' of Nova Cygni as 
well as 12 stars, generally brighter ones, beyond that limit. In this place it may 
be well to particularize a very small star probably about the 15th magnitude at a 
distance of 19''1, in position angle 314*'-2 from Nova, as in a superficial 
examination it might possibly be confounded with the new star in the event of the 
total disapperance of the latter. 

Observations. 

1877. 

Jan. 2. — Kova about the 7th magnitude and of a decided red colour. In the Yogel spectroscope the 
spectrum is of surprising brilliancy, consisting of a faint continuous spectrum intensified into five 
bright lines. The positions of the lines are giyen in parts of the scale of the instrument as 
actually recorded; the wave-lengths have been derived from a comparison of the spectra of 
moonlight and various Geissler tubes, checked by an examination of the solar spectrum. The 
method of reduction vnW be given further on. 



Intense bright line. 
Pretty bright band in the ydlow, 
fadlngoffrapidlyonbotiL sides. 
Bright well-defined line. 
Do. do. da 

Faint band. 

Adopted readings for C and F for this day: P'l and 22*''0, the latter from the lunar 
spectnim ; reductions to curve — 0''"02 and — O'-IS. 

Spectroscope directed to the Moon. 



line. 


Scale. 


Bed. 


2nd aeries. 


Bed. 


W.L. Mill. mm. 
1st ser. 2nd ser. 


1 
2 


P-0 
7-6 


_ »02 
_ -08 


l»-2 

7-7 


-'•02 
— -08 


(657-8) 
579-9 


(654-7) 
5790 


3 

4 
& 


18-7 
220 
27-5 


_ 14 

- -16 

- -17 


18-2 
21-6 
26-6 


_ -14 
_ 15 
_ 16 


602-4 
4861 
463-4 


605-1 
488-4 
466-8« 









W.L. 




Scale. 


Bed. 


mmm. 


D 


6»-5 


_0»-07 


690-1 


E 


14-6 


_ 012 


526-3 


b (mean) 


16-0 . 


- 0-13 


517-7 


P 


220 


— 0-15 


(486-1) 



Jan. 6. 



Spectrum of a Hydrogen tube. 
Scale. Red. 



C^Ha 



F«Hi3 



I'O 

50 

7-2 

9-8 

15-8 

21-8 

28-7 



+ 0»-08 
+ 

+ 
+ 
+ 
+ 
+ 



0-07 
0-07 
0-06 
0-06 
005 
0-05 



+ Oi'08 and + 0i'05 adopted as reductions for C and F. 
were then slightly changed. 



W.L. 

656-2 
6041 
582-2 
559-8 
517-8 
486-1 
458-2 

The adjustments of the Spectroscope 



* The wave-length of this line published in Astr. Nach., Bd. 89, p. 68, and also that of line 7 on p. 79 of the same vohime, are 
largely in error owing to mistaken identifications of the lines used in constructing the upper, or violet, part of a.,proviriooal 
reducing curve. 
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1877. 






Spectrum of Solar Ught. 
Red. WaTe-lengtL 






Jam. 6. 


line. 


Scale. 


c_o. 


C-0. 








TfinfiTn, 


miDiii* 






C 


l»-6 


- 0»-52 666-2 


0-0 


0»-00 




D 


6-9 


— 0-46 689-9 


-0-7 


+ 007 




E 


14-8 


_ 0-39 626-8 


+ 0-1 


— 0-01 




h (mean) 


16-4 


_ 0-38 616-8 


+ 0-6 


-0-08 




F 


22-2 


— 0-36 4861 


0-0 


0-00 




! 


32-2 


— 0-31 








W.L. 438-3 


35-8 


_ 0-30 437-0 


+ 1-3 


-0-50 




W.L. 434-0 


37-2 


— 0-30 433-2 


+ 0-8 


-0-32 




O 


37-9 


— 0-30 431-3 


-0-6 


+ 0-20 



Adopted reductionR: _ 0»-52 for C, and for F — 0»»-35. 

On this day a number of other vacuum-tubee containing traces of various gases were also 
observed, but the results are of little value, the most prominent lines being those of Hydrogen as 
an impurity^ the readings for which agree closely with those just given. These observations are 
given chiefly for the purpose of establishing the identity of lines Nos. 1 and 4 in the Spectrum of 
Nova with Ha and H/3. 
Jan. 8. — 11^ G. M. T., Nova red with a tinge of purple. Estimated at 3 grades brighter than a, D.M. 
4- 41° 4243, which is given as 7"^0 in the D.M., but the new stai* does not seem to be brighter 
than the 7th magnitude. The Spectrum is more continuous than on January 2nd. 

lines without Slit. 
Line. Red. W.L. 

mmm. 
1 0«»-0 + 1»»08 (656-2) .... Deep glowing red. 

3 18-6 — 003 602-9 .... Bright blua 

4 22-0 ^ 0-15 (486-1) ....„„ 

5 (27-25) — 0-30 464-8 . . . . An exceedingly faint line at 1^ interval of the 

blue lines towards the violet, say at 27^*25. 
The reductions are based on the assumed identity of the 1st and 3rd lines with and F. 
Jan. 9. — 8^ G. M. T., Nova is now of the same brightness as a. 

Spectroscope Readings. 
Line. Scale. Red. W.L. 



1 0'»-5 + 0»»-58 (656-2) .... Red line. 

la 6-0 + 0-49 589-5 . . . . Very narrow line. 

2 7-5 + 0-47 575-9 .... Pretty bright line. 

3 18-5 + 0-37 500-7 

4 21-5 + 0-35 (486-1) 

5 27-5 + 0-32 461-6 

7 35-0 + 0*29 437*6 .... Exceedingly faint line, but still certainly seen. 

The readings of C and F have been taken as the basis of the reductions. 

The space between the red line and the next one is certainly << columnar " and probably contains 
two maxima. See intensity-curve (plate TV.), which was sketched at the telescope. 
The nebula in Orion gives a bright line at 18^-4 of the Spectroscope scale. 
Jan. 17. — 10^ G. M. T., Nova 2 grades fainter than a and a fiill magnitude brighter than e, D.M. 

+ 42°, 4188, which is 8"*1 +. No change in the spectrum. 
Jan. 19. — ^Nova, which is much less red than when last seen, is 4 grades fainter than a and 10 brighter 

tlin.n c. 

In the spectroscope the C line is fainter and the line at W.L. 500 is now the brightest in the 
spectrum. The lines near D cannot be made out although the one at 438 + is stiU visible when 
exactly in focus. 

The colour is scarcely deeper than <' orange" and can hardly be called ''full orange." 
VOL. II. O 2 
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1877. 
Jan, 24. — Nov^a'one grade brighter than 6, D.M. + 41°, 4237. 

Jan. 25. — When viewed within 50 minutes of the lower meridian, altitude 10° -0, the new star was seen to 
scintillate red and hlusy while the intermediate tints exhibited by other stars in the neighbourhood 
were completely wanting. 

Nova 4 grades brighter than h and 6 fainter than a. 
Jan. 27. — Nova 3 grades brighter than e, 4 brighter than 5, and 5 fainter than a. 

line. 

1 C line seen as also traces of the yellow lines. 

Scale. Red W.L. 

3 A very bright line, at 17^ + l»-86 500-8 

4 Bright line, F „ 20 + 1-85 (486-1) 

5 Pretty bright line, „ 26 + 1-85 461-6 
Faint line towards the violet. 

The correction for F has been adopted for the other lines. 

The line at 17 is by far the brightest in the spectrum, while G is only just certainly vidbla 
The scintillation of the star shows green, yellow, and red ; the red being comparatively &int. 
Jan. 30. — Nova 2 grades brighter than &, 4 brighter than e, and 5 fainter than a. 
With the spectroscope : line 0, well seen. 
3, very bright. 
F, bright. 
5, well seen. 
The moonlight very troublesome. 
Feb. 3. — Nova equal to h and 3 grades brighter than c. 

Spectrum line 1, red line, fairly seen. 

2, yellow line, fairly seen. 

3, „ very bright 

4, „ pretty bright. 
5^ „ seen. 

There is also a good deal of continuous spectrum from one end to the other with a mayimiiTn about 6. 
Feb. 7. — Nova 1 grade fainter than &, also 1 grade fainter than c, and 6 fiunter than a. h specially 
estimated equal to e. 

Nova is deep orange but not so red as the star d (D.M. + 42^ 4184 =. No. 95 of the list) 
immediately following, which may be classed as ^< light red." 

The intensity curve, plate lY., gives an idea of the relative brightness of various parts of the 
spectrum on this day. 
Feb. 13.— -Nova \ grade brighter than c, 5 fainter than 6, and 12 brighter than d. 

The lines in the spectrum are still remarkably bright The relative intensities are :— 

No. 1. A mere reddish glow visible after long attention, but afterwards distinctly seen. 
No. 2. Excessively faint. 
No. 3. By far the brightest. 
No. 4. Fairly bright 
No. 5. Faint 
No. 7. Very faint 
The spectrum is oontiauous from D to F. line No. 2 is 10*5, 11*0, 10*4 parts of the 
spectroscope scale by 3 independent estimates below No. 3. No. 1 is 19-0, 18'4 below No. 3. 

Adopting the curve reading 18i*-58 corresponding to the wave-length 502''"^'3| for line Na 3 
we have for the estimations of the other two lines— 

W.L. 

line No. 2, 8«''08 574-9 

7-58 579-4 

„ „ 8-18 5740 

line No. 1, —0-42 681-5 

+ 0-18 670-8 

Feb. 16. — 8* G. M. T., J 1 grade brighter than Nova. Nova equal to e. 

This closes the series of measures with the Yogel Spectroscope and the regular estimates of 
brightness. 
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Reduction of the Observations with the Vogel Spectroscope. 

In the Berichte iiber die Verhandlungen rfer Kon. Sachsischen GeseUschafi der 
Wissenschaften zu Leipzig. Math. phys. Ctasse 1873, p. 538 et seq. Prof. H. C. 
Togel has given a description of a spectroscope which he specially designed for 
observing faint stars. One of these instruments is at Dun Echt; it was made by 
H. Heusti-eu, Kiel, and bears the number 70. It has a slit which can be removed 
4tt pleasure. One jaw of the slit is adjustable by a fine screw. The collimating 
lens of 0*44 in. aperture to a focal length of about I'l in., transmits the light to a 
small direct-vision prism of which the outer surfaces are inclined 55° to the axis. 
The dispersion is 6° 50' from C to G. The spectrum is viewed through one of two 
plano-convex lenses — piano-cylindrical and piano-spherical— of 5 ^ in. focus. Making 
an angle of 70° with the eye-tube is a sliding tube carrying a scale of 60 parts ruled 
on a silvered glass plate. This scale is seen by reflexion from the end of the prism. 
In practice the scale can only be used with the spherical lens or with the 
cylindrical lens set with its axis parallel to the slit and the divisions. For 
normal vision the eye lens is then about 4*4 in. from the scale^ and the collimating 
lens must then be adjusted to a distance of 0*34 in. less than its focal length from 
the slit to give the rays of the spectrum the same degree of divergence as those 
from the scale. The spherical lens then serves to render the rays parallel in general 
while the cylindrical lens makes them approximately parallel only in sections at 
right angles to the slit. In either case the lines of both the spectrum and the 
scale are distinctly visible but with the cylindrical lens those of the scale appear 
pointed at the ends. To make the scale available when the slit is in the focus of 
the collimating lens would have required the insertion of a convex lens of about 
2*8 in. focus between the scale and the face of the prism. Such a lens was in fact 
dsed by Prof. Vogel in his earlier instruments and it is not easy to see why it 
was discarded. The slit was used in the observations made under favourable 
circumstances and with it the readings for any given line are fairly constant. 
When, however, owing to haze or the inherent faintness of the star it was 
impracticable to employ the slit, estimates were made of the relative intervals of 
the lines, or one of the brighter lines of the spectrum was kept in coincidence with 
one of the longer scale lines while readings were taken of the fainter lines or bands. 
This class of measures are naturally not so accurate as those made with the slit. 
The readings in either case were reduced to wave-lengths by means of a curve 
-derived from measures of the solar spectrum made early in January 1877, see 
p. 103, checked by later estimates. 

The subsequent table shows the scale readings taken from the curve for every 
ten millionths of a millimeter of wave-length as well as for a few of the chief 
lines of the spectrum. 
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Table for reducing 


the 


C01 reeled Scale-readings of the Vogel Spectroacope to 








Wave-lengths. 








Wave-length. 


Beading of 




Wave-length. Beading of 


Line. 


Wave-lengtib. 


Beading of 




Scale. 




mmm. Scale. 






Scale. 


660 


0-84 




540 12-46 





656-2 


1-08 


650 


1-49 




530 13-92 


D 


589-2 


6-52 


640 


218 




520 15-49 


£ 


526-9 


14-40 


630 


2-92 




510 1718 


b 


517-3 


15-94 


620 


3-70 




500 1901 


P 


486-1 


21-85 


610 


4-54 




490 2102 


Hy 


434-0 


36-58 


600 


5-45 




480 23-21 


G 


430-7 


37-30 


590 


6-44 




470 25-61 








580 


7-51 




460 28-26 








570 


8-64 




450 31-19 








560 


9-83 




440 34-46 








550 


1110 




430 3810 








For sliffh 


t alterations 


of the position of the scale-tube it is found that the 



changes of the readings laid down as ordinates with the wave-lengths as abscissae 
are best represented by a straight line. Therefore to reduce the readings taken 
with a slightly altered scale to the adopted curve and thus to wave-lengths, it is 
only necessary to have the readings for two known lines sufficiently far apart As 
the scale-tube was set as nearly as might be to the same position on each night and 
as the readings for the two lines most frequently observed coincided with those of 
C and F in the spectra of the light both of the sun and moon, and also of a 
hydrogen tube, it has been considered permissible to adopt for these lines in the 
spectrum of Nova Cygni the wave-lengths of C and F, and thus to utilize them in 
reducing the other readings to the curve. In this way, for example, on January 
9th the readings of the spectroscope for C and F are 0*5 and 21'5 ; the corrections 
to obtain the curve readings are therefore + 0'58 and + 0"35 from which 
+ 0-49, + 0-47, + 037 + 032 and + 0*29 have been taken in proporti0n to the 
wave-lengths as corrections to the readings of the remaining linea The table then 
gives the wave-lengths for the corrected readings. 

The new star was not further examined at Dun Echt until it was observed on 
September 2nd, 1877, at 14*^ G. M. T. by Ralph Copeland. It was then of the 10^ 
magnitude and of a decided blue tint, especially when viewed in the same field 
with the reddish star D. M. + 42"*, 4184 (No. 95 of the list on p. 119), which it precedes 
by about 25'. Viewed through an eye-piece of low power and a highly dispersive 
direct-vision prism held between the eye and the eye-piece it showed scarcely a 
trace of elongation. A single prism Browning spectroscope with a slit, but without 
' a cylindrical lens gave an image exactly hke a star in an ordinary micrometer, 
which bore a bright illumination of the measuring wire astonishingly welL A few 
hurried measures were all that could be obtained, they indicated a wave-length of 
512"™ ; but great uncertainly attaches to this determination as a slight derangement 
of the spectroscope prevented the immediate introduction of a comparison spectrum. 
This observation, therefore, can only be taken as very roughly indicating the 
region of the spectrum to which the star's light belongs. 
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The comparative brightness of the sole line of the star's spectrum raised the 
liope that it might be measurable with the Grubb spectroscope, which from the 
general solidity of its construction promised to afford results of relatively high 
accuracy. Accordingly on September 3rd the compound prism belonging to that 
instrument was replaced by a single prism of Steinheil's giving a dispersion of 
about 3^° from B to A when adjusted to minimal deviation for D. The night 
proving fine Lord Lindsay succeeded in obtaining readings of the stellar spectrum 
and then measured the bright lines of burning magnesium as well as the D-line 
in the flame of a spirit-lamp. A single measure of the star and a few measures of 
magnesium were also made by Kalph Copeland. In effecting the comparison with 
the magnesium flame the telescope and spectroscope were kept in the same position 
as when the star was observed ; the slit too was left unchanged, that is to say it 
was sufficiently wide open to admit the whole of the star's light. Owing to this 
the three specially characteristic lines of the Mg spectrum, 6i, 6, and 64 — merged 
as they were by overlapping into a single band — were not immediately recognised. 
This might the more easily happen as their combined light is far inferior in 
brightness to that of a great band or series of lines further towards the violet. 
This circumstance combined with a considerable discordance in the measures of the 
lines led to their being excluded in the immediate determination of the wave-length, 
which was therefore based solely on the readings for the D-lines and a reducing 
curve got from observations of the solar spectrum. 

Up to this time this spectroscope had been very little used and it was not until 
^ome time afterwards that it became evident, that although a continued set of 
measures generally agreed inter se in a most satisfactory manner, yet they differed 
from equally accordant series of readings for the same line by as much as twice the 
interval of the D-lines, as shown by the prism suppUed with the instrument. 
At first this was attributed to shakiness in the bearings of the large tangent screw 
l)y which the viewing telescope is moved and the measures are made. A careful 
adjustment of the screw slightly but not materially lessened the discrepancies — at 
last it became evident that the evil lay in weakness of the attachments between 
the collimator and the prism box, and between the latter and the micrometer 
sector. The main source of weakness lay in the fact that while the collimator 
was attached by radial screws to a short arm on the side of the cylindrical prism- 
box, the sector was clamped to the bottom of the same box, which in its turn was 
held by 8 small radial screws. Now the measures are made by rotating the arm 
carrying the telescope by means of the tangent micrometer-screw gearing into the 
sector which is clamped to the bottom of the box ; hence any friction retarding the 
motion of the telescope arm reacts on the bottom of the box through the sector 
and tended to move it within the limits permitted by the looseness of the eight 
radial screws. In general it was found that although these displacements occurred 
^nly when the telescope was moved through a considerable arc, they then usually 
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took place per saUum, owing to the elasticity of the arm and the frame of the sector. 
+ 0''120 may be assigned as the extreme possible limit of these changes when extraor- 
dinary force was applied. A comparison between two extended sets of measures showa 
the amount of accidental change to have been + 0''083. These changes naturally 
told most seriously on measures made with prisms of small dispersive power. 

Sufficient rigidity not being attained by tightening the binding screws or adding 
to their number, eventually in the spring of 1879 the box, the bottom of the box — 
lined with an additional plate to add to its strength — ^and the short arm carrying 
the collimator were all soldered together. This has completely remedied the 
difficulty. With the experience thus obtained it seemed advisable to recur once 
more to the spectroscopic observations of Nova Cygni made in September 1877, with 
a view to utilize all the comparison observations and thus to eliminate as far aa 
practicable any serious error that might have arisen through changes of the zero- 
point during the measures. To this end we give the measures in ecUenso. 

Measures of the Spectrum of Nova Cygni and of comparison spectra — 

Extreme limit of 

light towards 

the violet. 

56'-077 



77, September 3. 


Extreme limit of 


Nova: centre of brif^ht line. lijiht towards 


Lord Lindsay. 


R. Copeland. the red. 


66'-839 


66'-446 56'-732 


•640 


Measured by I 


•660 




•657 




•596 




•611 




•610 




•490 




•495 




•690 




•490 




•609 




•489 




66-667 + 0-028 (mean error). 




D-line.— Lord Lindsay. 




62'-381 62'-419 




•420 ^422 




•420 •418 




•435 ^406 




•423 -420 




Mean, . . 62^416 + 0-028 


Measures of the Spectrum of burning Magnesium wire — 




Great band : edge towards the red. 




Lord Lindsay. 




Ist Series. 2nd Series.* R.O. 




66'-684 66'-628 56'^686 




•664 •SI 2 -646 




•641 •SIS 




•653 626 




-531 




•622 




•618 



Means, 56-65& 56-522 66-616 

* The difference between these sets is an extreme instance of disagreement probably caused by the looseness of the sector* 
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The& 


Group. 




Lord Lmdsaj. 






R.a 


Mean of ihe group. 


6. 




ft. 


88'111 


58'-270 




68'150 


•096 


•246 




•107 


•093 


•230 




•160 


•101 


•238 






•112 


•246 






•117 








•121 








•101 








•121 









58''026 
•057 



Means, 58-108 58-246 58-139 58-041 

The following is a sufficiently extended table of the reducing curve for the prism used- 



Wave-length. Micrometer. 



Wave-length. Micrometer. 



Wave-length. Mici'ometer. 





rev. 


400 


43^35 


410 


45-30 


420 


47-03 


430 


48-62 


440 


5007 


450 


61-39 


460 


62-61 


470 


53-73 


480 


64-77 


490 


56-72 


600 


66-60 


510 


67-43 



mmm. 


ret. 


620 


58-20 


630 


68-92 


640 


89-60 


660 


60-23 


560 


60-82 


670 


61-37 


580 


61-90 


690 


62-40 


600 


62-88 


610 


63-34 


620 


63-76 


630 


6416 



mmm. 


rev. 


640 


64-53 


650 


64-89 


660 


65-24 


670 


65-67 


680 


65-89 


690 


66-20 


700 


66-49 


710 


. 66-76 


720 


67-03 


D 


62-360 


6. 


58-071 


J. 


67-984 


ft* 


57^949 



To this table must be added 500 'e"""*" as the wave-length* of the first line in the 
great band of Magnesium as determined by M. Lecoq de Boisbaudran from the 
spark-spectrum of the chloride of that metal which evidently agrees with the flame- 
spectrum, in this region at least. 

Experience has shown that the zero-correction of this spectroscope, now that 
the looseness of the binding-screws has been got rid of, is constant throughout the 
whole length of the spectrum, so that a reading of a single known line serves to 
determine this correction. Keeping, therefore, Lord Lindsay's two sets of readings 
of the great Mg band distinct, there result four values of the zero-correction for the 
readings of each observer. By using each of these to find the wave-lengths the 
widest possible limits are obtained which the observations can fairly yield and 
near the mean of which the true value probably lies. 

In this way we have the following reductions of all the readings to wave-lengths : — 

Lord Lindsay's Observations. 



Centre of bright line. 
56'-567 
(13 measures.) 



007 



Reduction to Curve. 
From 1st series of mea- ] 

Bures of band 500*< 

of Mg Spectrum. 
From 2nd series of ditto, + 0-129 

From 6 band = ^li^ — 0098 

From D-line, . — 0-066 



mea- 1 

)00-6 \ - 0'" 
a. J 



Wave-length, 
mmm. 

499-5 

50M 
498-5 
4990 



499-5 + 0-6 
* It is worthy of note that this line almost absolutely coincides with the brightest line in the spectra of planetary nebols. 
VOL. II. P 
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Lord Lindsay's limiting measures of 56'732 and 56''077 reduced by the aid of 
the same four corrections give wave-lengths of 501*5, 503'1, 500*4 and 500'9 for 
the lower and 493*9, 495*4, 492"9 and 493'4 for the upper end of the spectrum, 
with mean values of 501*5""^ and 493*9'""". 

For the single observation by Ralph Copeland the available corrections from 
the Mg band 500*6, 6i, 6, and 64 are respectively + 0"035, - 0'*175, — 0'*155 and 

- 0'*092 with 498*6, 496*2, 496*4 and 497*2 as separate results or 497-i»™ as the 
value of the wave-length of the star s light. Combining this number with Lord 
Lindsay's figures we have : — Wave-length of the brightest pait of the Spectrum 
of Nova Cygni 499*3 """ + 0*6. 

September 6. — Viewed with the highest power of the Grubb spectroscope the 
spectrum was extended somewhat in length, showing traces of one or two faint 
lines on the violet side of the chief line, but very close to it. With a power of 980 
on the micrometer it was impossible to obtain quite as sharp an image as that 
given by other stars in the neighbourhood, still the extreme diameter could not be 
above 2'' or 1^". Since the light of this star is monochromatic it ought, one would 
think, to give, a sharper image than an ordinary star. — R. C. 

October 1 . — Nova examined with the Vogel spectroscope with a view to detecting 
any very faint continuous spectrum : nothing of the kind was visible. — ^Lord L., 
R C. and J. G. Lohse. 

October 2. — Nova 12 grades less than No. 110 ; 95 4 grades brighter than 110. 
The focus for Nova is about 2 millimeters further from the object-glass than for 
\)b which is of a decided red tint. 

October 5. — Nova 4 gr. less than 110 ; 95 12 gr. brighter than 110. 

On October 10, 1877, with the same spectroscope Lord Lindsay noted : " Since 
tJie last measures a decided change is to be seen, as the light is now more 
spread out. The main brightness is still as before, but is divisible into two lines 
very close together with a dark gap and then another very faint line." 

The following measures to which the wave-lengths are appended, were made by 
Ralph Copeland. They were reduced to the curve by a common correction of 

- 0'*485 :— 

Micriom. reading. 
Ist band, 56'-565 + 0-038 
2nd „ 55-922 ±0-077 

3rd „ 55-880 ±0-038 _ 

D-line, 61-360 ± 0-009 

The mean errors of the wave-lengths have been formed from those of the 
readings combined with + 0'083 as the error due to possible displacement of the 
sector. It i3 evident that the 2nd and 3rd bands were too feeble and too near 
together to be effectively measured separately, hence their combined light must be 
taken as marking the violet end of the spectrum. 14''*5 G. M. T., Nova 12 gr. 
fainter than 110 ; 110 = 3 while 95 is 8 gr. brighter than 110 or 3. 





Wave-lengtL 


1. of Meas. 




6 


499-5 + 1-1 


2 


492-2 + 1-3 


4 


491-8 + 1-0 
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October 18.— Nova seen through the Vogel spectroscope looks exactly like a star 
in an ordinary eye-piece. 

1878; June 1. — Nova^ which seems to have a small disk with a soft margin , is 
fully one magnitude brighter than the nearest star of the trapezium. Nova 
= 10". — ^R. C. and J. G. L. August 17, Nova estimated of 10*8 mag. ; it appears 
as a very small disk gradually decreasing in brightness towards the limb. — J. G. L. 

1879, January 27. — Nova estimated ll"-7 ; Nos. 48 and 54, ll"'-8 ; Nos. 94 and 
104, 11-5. Nova = 11"^7.— R C. 

1880, February 5.— Nova estimated 12"'-2 ; Nos. 18 and 54, 12"-1 ; No. 2, 12*2; 
Nos. 74 and 49, 12-3. Nova = 12»-3. 

1881, January 20, 7'' to 8'' G. M. T., Nova estimated 12"-2 ; Nova 3 grades fainter 
than 48 and 2 grades fainter than 87. It is the faintest star in the trapezium 
formed by itself and Nos. 48, 54 and 60. Nova = 12""5. 

January 25, Nova 5 grades less than the faintest of the 3 other stars in the 
trapezium, from which it differs in focus. Tested the spectinim on this day and also 
on January 20 with various simple prisms, flint and crown, but could not be sure 
whether the light was monochromatic or not. Nova 12* '4. 

February 1. — No spectrum is visible with a Steinheil prism of 47* 8' refracting 
angle and 2° 32' dispersion from B to A in the Grubb spectroscope. The 11°*2 star 
near (No. 60, 11"'0 in the list) showed a faint continuous spectrum and as Nova is 
about 12"*2, had its light been monochromatic it must have been visible in the 
spectroscope.* 

1882, March 24. — Nova of 14'0 magnitude. 

Summary of Spectroscopic Results. 

a. Measures with the Yogel Specti*oscope. 



No. of Line.t 


1. 


lo. 


2. 


& 


4. 


6. 


7. 






W.L. 


W,L. 


W.L. 


W.L. 


W.L. 


W.L. 


W.L. 




Date. 


mmm. 


mnun. 


mmm. 


numn. 


mmixi. 


numn. 




Weight. 


1877, Jan. 2, 


(657-8)t 


— 


579-9 


602-4 


486-1 


463-4 





1 


» 2, 


(654-7) 


— 


679-0 


606-1 


488-4 


466-8 





1 


„ 8, 


(686-2) 


— 


— 


602-9 


(4861) 


464-8 





\ 


,, 9. 


(656-2) 


589-5 


576-9 


600-7 


(486-1) 
(486-1) 


461-6 


437-6 


« 27, 





— 





600-8 


461-5 





1 


Feb. 13, 


681-6 


— 


674-9 


(502-3) 


— 


— 





1 


„ 13, 


670-8 


— 


679-4 


— 


— 


— 





1 


„ 13, 


— 


— 


674-0 


— 


— 


— 





i 


Adopted means. 


[656-2]§ 


589-5 


677-6 


502-3 


[486-l]§ 


463-6 


437-6 




Mean error of result, 






+ 1-1 


+ 0-8 




+ 1-0 







* In the 85th annnal report of the Observatory of Harvard College, Cambridge : 1881, p. 7, Professor Pickering, writing of 
the new star in Cygnns, says—** This object has now diminished greatly in light and appears to have lost this pecoUarity [of a 
monochromatic spectrnm] and to give a continuous spectmm like that of an ordinary star." 

t To avoid the inconvenience of renunbering the lines the numbers used in Ast. Nach., Kos. 2116 and 2117, have been retained. 

X The numbers in round brackets ( ) have been taken as data for the reductions. 

§ Angstrdm*s values have been assumed for these lines ; see p. 106. 
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h. Measures -with the Grubb Spectroscope. 





Spectrum begioB. 


Bright line. 


Line. 


Very faint line. 


Spectrnm ends. 


1877, Sep. 3, 
Oct. 10, 


W.L. 

Til TUTU. 

501-6 


W.L. 

mixini. 
499-3 
499-5 


W.L. 

mmm. 

492-2 


W.L. 

mmm. 

491-8 


W.L. 
mmm. 
493-9 


Means,. 




499-4 + 0-5 


492-0 





Assuming the bright line of September and October to be identical with line 
3 of the beginning of the year we have as a final value for its wave-length 5 00* 2"™* 
with a mean error of +0-4""^. The discordance of the results with the two 
instruments, however, points to an error of not less than + i -()"". 

Bespecting the origin of these lines, Nos. 1 and 4 are certainly, and No. 7 
probably to be attributed to Hydrogen : la may safely be set down as identical 
with D, the more so as M. Comu (Compt. Rend. T. 83, p. 1173) has measured the 

o 

wave-length at 588°"^. The mean of the D-lines on Angstrom's chart is 589 '2. 
Line 3 coincides almost exactly with the brightest line of gaseous nebulae. The 
complete reduction of the measures of line 2 strengthens the opinion already 
expressed in 1877 that it corresponds very nearly with one of the bright lines in 
the spectra of the three remarkable stars in Cygnus pointed out by Messra Wolf 
and Rayet, and subsequently observed by Professor Vogel (see Berichte d. Koa. 
Sachs. Ges. der Wiss., Math. Phys. cl. 1873, p. 556). This view is much strengthened 
by the fact, already pointed out by Prof. Vogel (Monatsberichte d. Berlin. Akad. 
1877, p. 254) that line 5 also agrees with a bright band in the spectra of the same 
stars ; this agreement is very close when Prof. Vogel's own measures of this line or 
band are compared. These are — for the line in the spectrum of Nova Cygni, 
467""", and for the three stars in question (for which we also quote the line 
agreeing with No. 2) : — 





mmm. 




D.M. + 35°, 4001 
36, 4013 
34, 3966 


579-5 
580-5 
580-5 


468 
467 
467-6 



It is especially worthy of note that a line of about the same degree of refrangibility 
is to be found in the spectra of several planetary nebulae, see this Journal, 
Vol I., p. 3, as bearing on the autumn observations of Nova Cygni it is also to be 
noted that line 7 occurs in the Spectrum of the Great Nebula in Orion. The 
remarkable fact that the whole of the complicated spectrum which this star 
exhibited at the end of 1876 and beginning of 1877 should in the space of eight or 
nine months be reduced to a single line accompanied by the merest traces of a 
continuous spectrum led at the time to the expression of an opinion that was shared 
by all who observed the star at Dun Echt. This opinion was thus expressed, in 
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number 2158 of the Astronomische Nachrichten : — "Bearing in mind the history of 
i;his star from the time of its discovery by Schmidt it would seem certain that we 
have an instance before us in which a star has changed into a planetary nebula of 
small angular diameter. At least it may be safely affirmed that no astronomer 
discovering the object in its present state would, after viewing it through a prism, 
hesitate to pronounce as to its present nebulous character." 

In a communication to the Royal Academy of Berlin (Berichte, 1878, p. 302) 
Prof Vogel, while fully agreeing with the second sentence of the above quotation, 
differs from the conclusion in the first sentence mainly on the ground that the 
surviving line of the spectrum is identical with the first of the nebular lines, while 
the second of those lines is the most characteristic of gaseous nebulae, and that 
while in the earUer part of 1877, the first line gradually became the brightest line 
of the star's spectrum the second was not seen. To this it may be replied that 
instances are not wanting of gaseous Nebulse the spectra of which are very nearly 
reduced to a single line. Taking Professor Vogel's own observations on p. 59 of 
the Beobachtungen . . . zu Bothkamp, Heft 1, we find an observation of the nebula 
<}en. Cat. 4510 "die erste Linie ist sehr hell, die zweite recht schwach und die 
dritte nur mit Miihe zu sehen .... Die dritte Linie war zu schwach zur Messung." 
And further on, respecting the fine planetary nebula G. C. 4572 . . . " im Spectinim 
•desselben waren nur die beiden ersten hellen Linien zu erkennen. Die zweite 
Linie war sehr schwach." It seems therefore not unreasonable to assume that in 
the case of a planetary nebula the whole light of which did not equal the light of 
a 10th magnitude star, the spectrum might be reduced to a single line and that 
this line would then be the one of which the wave-length may be taken at 
500-4°°^. The faint extension of the spectrum of the new star towards the violet 
measured on Oct. 10, 1877, was seen with so much difficulty that it would be 
^mwise to regard it as in any certain degree indicating the presence of other 
nebular lines. In the same way it is desirable to receive with some degree of 
-caution the negative evidence with regard to the star's spectrum obtained on 
February 1, 1881. We must therefore look to Professor Pickering for conclusive 
'evidence that this truly wonderful star had again completely changed the character 
•of its spectrum. Perhaps even now it may not be too late to test this very 
interesting point with one of the larger instruments in existence. 



Estimated magnitude of Nova Cygni. 

To reduce the comparisons of magnitude made in January and February 1877,- 
all the observations in which more than one star was compared with Nova, were 
combined so as to give the relative intensities of the comparison-stars in grades ; 
these again were assimilated as closely as might be to the magnitudes of the 
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Durclmiusterung. Excluding No. 95, which was used on one occasion only, we 
have : — 

Grades. D.M. m. Adopted magnitude. 

a = 10-6 = + 41°, 4243, 70.... 7-00 

6 = 2-6 == + 41, 4237, 7*6 ... . 7-69 

c = 0-0 = + 42, 4188, 8-0 ... . 7-91 

11*5 grades « a difference of one magnitude. 

The magnitude of Nova Cygni as it results immediately from the observations is 
given in the ensuing table, in which are also included the results of occasional 
estimations made when measuring the position of Nova from the neighbouring stars. 





Grades. 


Mag. 




Mag. 


Jan. 8 


13-5 


6-7 


1877, Sep. 2 . . 


; : 't\ 


„ 9 


10-6 


7-0 


Oct. 2 . . 


„ 17 


9-7 


71 


„ 6 . . . 


. 10-1 


„ 19 


8-3 


7-2 


„ 10 . . 


. 10-6 


» 24 


3-6 


7-6 


1878, June I . . 


. 10 


„ 25 


6-5 


7-4 


Aug. 17 . . . 


. 10-8 


„ 27 


50 


7-5 


1879, Jan. 27 . . . 


. 11-7 


„ 30 


4-7 


7-5 


1880, Feb. 5 . . . 


. 12-3 


Feb. 3 


2-8 


7-7 


1881, Jan. 20 . . . 


. 12-5 


„ 7 


+ 1-7 


7-7 


„ 25 . . . 


. 12-4 


„ 13 


-0-9 


80 


Feb. 1 . . . 


. 12-2 


„ 16 


+ 0-8 


7-8 


1882, Mar. 24 . . 


. 140 



Micrometric measures of stains in the neighbourhood of Nova Cygni. 
The great decrease in the brightness of the new star between February and 
September 1877, concurred with a still further diminution in October to induce the 
opinion that it might eventually disappear altogether. It seemed therefore desirable 
before such an event took place to obtain a map of the neighbouring stars somewhat 
similar to that prepared by the late Professor D' Arrest of the region round about 
the place of the great temporary star of 1572, (Oversigt over det Kgl. danske 
Videnskabemes Selskabs Forhandlinger, 1864 pp. 1-10 and 1 plate). The 
micrometric measures for this purpose as well as the spectroscopic observations 
already given were made with the Dun Echt refractor of 15 '06 in. aperture and 
15 ft. 3*2 in. focal length. The filar micrometer has two measuring screws, both of 
which are of great excellence as is shown by their practical agreement throughout 
their range. Their common value was found in April 1877 to be 1' = 22''-5189, 
and 22''-5216 + 0''-0044 in December 1880 ; a mean value of 22"-5207 + 0''-0036 
has been used in all the more recent reductions including those for this paper. 
Each wire frame carried originally a pair of wires 7'' asunder and a single wire 
I7l"'3 from the mean of the pair. These were arranged so that the corresponding 
wires on both frames were in coincidence at the same time. Through accident the 
inner double wire of frame A was broken in October 1878 while the single wire of 
trsme B was lost in like manner in December 1880. Two parallel position wires 
about 7'' apart mark the centre of the field. The position circle forms part of the 
butt end of the tube, it has four verniers reading to 2' but 1' is easily estimated; 
in practice only one vernier is read oflP, the one chosen being next to a small 
aperture through which a transparent position circle is visible. This latter circle 
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is particularly intended for double-star measures as it is illuminated from within 

and can be read at a glance to 0°'l. Owing to the proportions of the forks of the 

wire-frames the wires cannot pass each other to a greater extent than 4^', nor is it 

desirable that this limit should be too closely approached as the slightest attempt 

to pass it is certain to derange the springs which retain the micrometer screws in 

their places. This structural peculiarity necessitates a knowledge of the screw 

readings when the wires are in coincidence. Fortunately these coincidences are 

remarkably constant, not varying appreciably beyond the probable error of a 

determination in the course of many months ; as a rule, however, coincidences for 

four equidistant points in a revolution were taken whenever the micrometer 

was used. The agreement of these shows that the screws are also remarkably free 

from periodic error. The earlier measures were made chiefly with a power of 

134, but the bulk of the work was done with one, of 229 although a power of 307 

was occasionally used. The illumination of the wires is very satisfactory and can 

be varied in tint or intensity at pleasure. But in the wider measures when a wire 

is followed far towards the edge of the field, light from the illuminating prisms 

enters the eye-piece and renders the measurement of faint objects impossible. As 

we have already said, the focus for Nova was difierent from that for other stars. 

This probably affected the measures comparatively little so long as Nova was kept 

exactly in the centre of the eye-piece, but in the case of wide measures this could 

not be done, as the range of the " slipping piece " or slide carrying the eye-piece 

was restricted by the necessity of excluding the direct rays of the illumination 

from the field of view. This defect it is proposed to remedy, and at the same time 

to introduce screens by which the light may at pleasure be cut off* from the position 

wires or distance wires leaving the other set visible. By this arrangement it is 

believed that faint objects may be more conveniently observed. 

The measures have been corrected for differential refraction and in the case of 

the earlier ones the position angles have been slightly altered to allow for want 

of exact adjustment of the polar-axis at the time when they were taken. The 

almost nominal reductions for precession, &c., have also been applied. Nearly all 

the measures were made direct from Nova ; the few exceptional ones were taken 

to fix more exactly the configurations of stars lying close together. All the 

measures, however, have been referred to Nova the place of which for 1878*0 has 

been derived from the following materials : — 

Meridian Observations of Nova CygnL 

a 1878-0 a 1878-0 

Becker— Berlin. (Ast. NacL VoL 89, p. 13) 1876, 

Dec. 5, 6, . . . . . . . . 2P 36- 55'-103* + 42° 17' 9" 47 (2) 

Holetachek— Vienna. (Ibid. p. 61) 1876, Dec. 5,7,8, 12, 55-085 9-66 (4) 

Greenwich. (Greenw. Obs. 1877), 1877 Sept. 26, 

Oct 3, 6, 8, 23, 55-227 8 86 (5) 

Dun Ecbt, 1877 Oct. 28, 55-081 10-86 (1) 

Adopted mean place : 21 36 55-] 5 +42 17 9-40 

•* In forming the mean for Berlin, the seeond observation has received half weight, as it was made under nnfavonrable circnmstances* 
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In vol. 89 of the Astronomische Nachrichten p. 42, Prof. Schmidt gives a place^ 
based on comparisons with four stars, which on reduction to 1878'0 becomes- 
21*^ 36- 55-29 + 42« 17' r''U. 



Greenwich, 
Dun Ecbt, 



Meridian Observations of D.M. + 42^, 4184. 

a 1878-0 a 1878-0 

(Greenwich Obs. 1877), . 2P 37- 20-074 (3) + 42° 15' 55"-00 (3) 
20-006 (5) 55-38 (4) 



21 37 20-03 +42 15 55-22 

The place of this star, which is No. 95 of our list, is given as a check on the 
differential result. 

The table at the end of this paper exhibits the mean results of all the measures 
reduced to 18780. The 1st column contains a current number ; the 2nd gives the 
mean magnitude ; the measured position angle and distance are shown in the 3rd 
and 4th columns, for which the mean of the individual differences of right ascension 
and declination are given in the 5th and 6th columns ; the right ascensions and 
declinations for 18 78*0 occupy the 7th and 8th columns, while the nights on which 
each star was observed are entered in the last column in accordance with the 
following list : — 





Index of Nigkta 


on which micxometric measures were made. 




Nig*t. 


Date. 


NighL 


Date. 


Night 


Date. 


1 


1877, 


Oct. 29 


14 


1877, 


. Dec. 


27 


27 


1878, 


, Oct. 1 


2 


» 


„ 31 


15 


99 


19 


31 


28 


99 


» 11 


3 


» 


Nov. 9 


16 


1878, 


. Jan. 


6 


29 


99 • 


» 22 


4 


» 


„ 13 


17 


99 * 


99 


29 


30 


99 


„ 23 


6 


>l • 


„ 16 


18 


99 • 


99 


30 


31 


99 


,. 24 


6 


» 


99 18 


19 


99 • 


Sep. 


7 


32 


99 


„ 26 


7 


*> ' 


,9 24 


20 


99 


99 


16 


33 


99 « 


Nov. 17 


8 


99 


,9 27 


21 


99 


• 99 


18 


34 


99 


Dec. 24 


9 


99 


. 99 28 


22 


99 


• 99 


20 


36 


1879, . 


Jan. 13 


10 


99 


. Dec. 12 


23 


99 


• 99 


25 


36 


99 


„ 16 


11 


99 


. ,9 13 


24 


99 


99 


26 


37 


99 


. Feb. 8 


12 


>9 


. „ 14 


25 


99 


• 99 


27 


38 


1882, 


Mar. 24 


13 


»> 


. „ 17 


26 


9? 


99 


30 









An observation consisted of two single measures of distance and two settings of 

the position circle. The magnitudes are based partly on estimates made when the 

stars were measured, but chiefly on systematic comparisons made on three nights 

for which we give the numbers of the intercompared stars, as it may possibly be 

useful to know the exact dates on which any star was seen at least approximately 

of the recorded magnitude. 

These were :— On January 27, 1879, Nos. 1-8, 11-13, 16-19, 21-24, 28-35, 38, 41, 42, 44-48, 61-67^ 
60 61, 63-65, 68, 69, 71-75, 78, 79, 82-93, 95, 96, 99, 101, 103-107 and 110 ; on February 5, 1880^ 
N^. 2, 3, 8, 11, 12, 17-19, 21, 22, 30, 34, 41, 42, 45-48, 52-55, 57, 60, 61, 64, 65, 68, 69, 72-74, 86, 
87 90-93, 95-97, 99-101, 103-107, 110 and 112 ; on February 8, 1880, Nos. 1, 4-8, 13, 15, 20, 22-29, 
31I33, 35-38, 40, 43, 44, 49-51, 56, 58, 59, 62 not seen, 65-67, 70-72, 77-85, 88, 89, 94, 98, 102, 108,. 
109, 111 and 112. 
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In the lower part of the scale we endeavoured to accommodate the magnitudes as 
closely as possible to the Durchmusterung while we chose the 15th magnitude for 
the &intest stars certainly shown by the instrument under specially favourable 
circumstances of zenith distance and transparency of the atmosphere. It is scarcely 
necessary to add that on exceptionally clear nights when Nova was high in the 
heavens, by long attention a number of points of light not laid down on our map 
might doubtless have been detected but which it would have been exceedingly 
di£Bcult to measure ; on this point see the notes to the list of stars. 

The probable error of one of the places is about ±_ \"'\ in either co-ordinate : 
this quantity is disappointingly large but is probably to be ascribed in some 
measure to two special causes — the peculiar light of Nova, which threw its image 
out of focus and the fact that the settings could not all be made in the centre of the 
apparent field of view. Discordances in the results for some of the faintest stars 
are probably owing to the fact that two or even three very small stars within a few 
seconds of each other have been seen by us as a single star without the same point 
having been fixed upon in each of the measures. 



List of Stars near Nova Cygni 



No. 


Mag. 


FotitioD 


Distance. 


Aa 


6» 


a(1878-0> 


» (1878-0). 


Date. 


1 


14-4 


267'* 


0' 


459"-0 


- 41'-30 


_ 24"-0 


21" 36- 13-86 


+ 42° 16' 


45"-4 


30 


2 


12-2 


277 


52 


446-2 


- 39-83 


+ 61-1 


16-32 


18 


10-5 


27 


3 


9-8 


248 





469-9 


- 39-25 


- 176-1 


15-90 


14 


13-3 


13,37 


4 


140 


248 


18 


445-6 


_ 37-29 


— 164-8 


17-86 


14 


24-6 


29 


6 


14-8 


274 


33 


412-4 


_ 37-05 


+ 32-7 


18-10 


17 


42-1 


30 


6 


140 


248 


24 


434-2 


- 36-37 


_ 159-8 


18-78 


14 


29-6 


17,29 


7 


14-9 


268 


16 


384-0 


- 34-58 


_ 11-6 


20-57 


16 


67-8 


30 


8 


13-4 


244 


42 


407-8 


_ 33-21 


_ 174-2 


21-94 


14 


16-2 


• 17, 20 


9 


14-5 


269 


46 


360-5 


- 32-49 


_ 1-4 


22-66 


17 


8-0 


20 


10 


13-6 


311 


28 


469-0 


- 31-69 


+ 310-6 


23-46 


22 


20-0 


36 


11 


14-2 


260 


16 


356-4 


_ 31-65 


_ 60-4 


23-60 


16 


9-0 


17 


12 


11-8 


268 


32 


347-2 


-. 31-27 


_ 8-9 


23-88 


17 


0-6 


13 


13 


150 


230 


^3 


438-3 


- 30-41 


_ 279-5 


24-74 


12 


29-9 


25 


14 


15 


272 





323-9 


- 2917 


+ 11-3 


25-98 


17 


20-7 


37 


15 


15 


229 


58 


417-4 


— 28-78 


_ 268-4 


26-37 


12 


41-0 


29 


16 


9-2 


325 


30 


562-8 


- 28-76 


+ 463-8 


26-39 


24 


53-2 


13 


17 


12-2 


231 


40 


392-6 


_ 27-73 


_ 243-5 


27-42 


13 


5-9 


17,19 


18 


12-6 


230 


14 


365-6 


_ 25-31 


_ 233-8 


29-84 


13 


16-6 


18,19 


19 


12-2 


226 


52 


316-4 


— 20-80 


_ 216-3 


34-36 


13 


331 


3 


•20 


14-5 


262 


8 


224-3 


- 20-02 


_ 30-7 


35-13 


16 


38-7 


33 


21 


11-8 


233 


49 


263-1 


— 19-13 


- 155-3 


36-02 


14 


34-1 


3 


22 


13-2 


328 


57 


404-8 


- 18-83 


+ 346-8 


36-32 


22 


56-2 


26 


23 


14-5 


248 


48 


218-4 


— 18-35 


_ 79-0 


36-80 


15 


50-4 


32,33 


24 


14-8 


329 


36 


361-1 


— 16-48 


+ 311-5 


38-67 


22 


20-9 


26 


•25 


140 


288 


17 


192-2 


- 16-45 


+ 60-3 


38-70 


18 


9-7 


2,33 


26 


15 


206 


26 


409-1 


- 16-40 


_ 366-3 


38-76 


11 


3-1 


23 


27 


15 


228 


10 


234-4 


— 15-74 


_ 166-3 


39-41 


14 


33-1 


31 


28 


140 


328 


56 


332-6 


_ 15-47 


+ 284-9 


39-68 


21 


54-3 


26 


29 


14-6 


333 


26 


378-5 


_ 15-27 


+ 338-5 


39-88 


22 


47-9 


26 


30 


11-4 


338 


37 


454-4 


- 14-94 


+ 423-1 


40-21 


24 


12-6 


13 
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List of Stars — corUinued. 



No. 


Mag. 


Podtion 
Angle. 


Dirtuica. 


Aa 


hi 


a(1878-0> 


i (1878-0> 


Data. 


31 


13-9 


206° 9' 


364"-0 


- 14-04 


_ 317"-7 


21» 36- 41*11 


+ 42° 11' 


61"-7 


21 


32 


14-4 


329 63 


3071 


- 13-90 


+ 265-7 


41-25 


21 


361 


26 


33 


13-8 


214 27 


254-3 


- 12-96 


_ 209-7 


42-19 


13 


39-7 


18,21 


34 


11-6 


199 7 


3921 


- 11-66 


- 370-5 


43-59 


10 


68-9 


21 


35 


13-6 


212 36 


234-9 


- 11-39 


- 197-9 


43-76 


13 


61-5 


18,21 


36 


16 


327 48 


216-9 


- 10-42 


+ 183-6 


44-73 


20 


12-9 


26 


37 


16 


279 34 


116-9 


- 10-38 


+ 19-4 


44-77 


17 


28-8 


32 


38 


140 


198 26 


340-7 


- 9-69 


- 323-2 


45-46 


11 


46-2 


21 


39 


14-2 


193 38 


468-7 


- 9-22 


— 457-4 


46-93 


9 


32-0 


21 


*40 


14-6 


344 10 


365-6 


- 9-00 


+ 361-7 


46-16 


23 


1-1 


26 


41 


13-4 


293 23 


108-6 


- 8-98 


+ 43-1 


46-17 


17 


52-6 


2,8,19,24 


42 


16 


299 28 


111-8 


- 8-77 


+ 65-0 


46-38 


18 


4-4 


24 


43 


14-5 


195 47 


333-8 


- 8-17 


- 321-2 


46-98 


11 


48-2 


22 


44 


14-8 


194 15 


362-0 


- 7-81 


- 341-2 


47-34 


11 


28-2 


23 


45 


14-4 


316 2 


107-9 


- 6-87 


+ 76-3 


48-28 


18 


25-7 


2,8,23,24 


46 


13-0 


191 34 


286 


— 616 


- 280-2 


49-99 


12 


29-2 


3 


47 


11-9 


206 10 


78-2 


- 3-11 


- 70-2 


62-04 


16 


59-2 


1,19 


48 


12-7 


182 59 


445-6 


- 208 


- 444-9 


5307 


9 


44-5 


21 


49 


14-7 


190 31 


101-0 


— 1-66 


- 99-3 


53-49 


16 


30-1 


14 


•50 


15 


314 12 


19-1 


- 1-23 


+ 130 


63-92 


17 


22-4 


23 


51 


14-3 


358 28 


63-7 


- 0-16 


+ 63-7 


66-00 


18 


13-1 


9 


Nova 












65-15 


17 


9-4 




63 


13-4 


7 


292-4 


+ 0-05 


+ 292-4 


66-20 


22 


1-8 


16 


54 


120 


176 25 


681 


+ 0-49 


- 67-8 


66-64 


16 


1-6 


1,19 


65 


130 


178 34 


287-9 


+ 0-66 


— 287-8 


55-80 


12 


21-6 


3,6 


56 


14-6 


1 66 


326-5 


+ 0-99 


+ 326-4 


56-14 


22 


34-8 


31 


67 


13-4 


3 35 


184-8 


+ 1-04 


+ 184-5 


66-19 


20 


13-9 


2 


58 


14-8 


174 31 


190-6 


+ 1-64 


- 189-8 


66-79 


13 


59-6 


27 


69 


14-8 


172 3 


246-6 


+ 3-07 


- 244-2 


68-22 


13 


5-2 


24 


60 


110 


69 44 


66-2 


+ 4-67 


+ 19-1 


69-82 


17 


28-5 


1,19 


61 


12-7 


168 59 


293-9 


+ 5-06 


- 288-5 


87 0-21 


12 


20-9 


3,6 


€2 


15 


37 


94-8 


+ 614 


+ 75-7 


0-29 


18 


26-1 


9 


63 


14-5 


11 14 


322-3 


+ 5-66 


+ 316-1 


0-81 


22 


26-6 


34 


64 


12-6 


16 13 


241-4 


+ 608 


+ 231-8 


1-23 


21 


1-2 


10,11 


€6 


14-6 


169 54 


407-9 


+ 6-44 


- 401-6 


169 


10 


27-8 


23 


66 


14-7 


18 36 


226-6 


+ 6-49 


+ 213-8 


1-64 


20 


43-2 


34 


67 


16 


170 47 


463-4 


+ 6-54 


- 447-6 


1-69 


9 


41-8 


23 


68 


140 


65 8 


83-6 


+ 6-82 


-H 36-1 


1-97 


17 


44-6 


7,8 


69 


140 


165 15 


3110 


+ 7-13 


- 300-8 


2-28 


12 


8-6 


3 


70 


13-8 


138 39 


129-3 


+ 7-70 


- 970 


2-86 


16 


32-4 


4 


71 


142 


13 6 


390-4 


+ 7-98 


+ 380-2 


3-13 


23 


29-6 


34 


72 


141 


166 65 


392-1 


+ 799 


-381-9 


314 


10 


47-6 


21 


73 


13-4 


89 4 


122-3 


+ 11-02 


+ 2-0 


6-17 


17 


11-4 


1 


74 


12-0 


169 18 


346-6 


+ 11-03 


- 324-2 


6-18 


11 


46-2 


3,6 


75 


10-3 


15 26 


499-6 


+ 11-97 


+ 481-6 


7-12 


25 


10-9 


13 


76 


10-8 


13 22 


693-6 


+ 12-39 


+ 677-6 


7-64 


26 


46-9 


13 


77 


14-5 


19 30 


424-4 


+ 12-78 


+ 400-0 


7-93 


23 


49-4 


36 


78 


14-6 


43 66 


216-1 


+ 13-46 


+ 164-9 


8-61 


19 


44-3 


15 


79 


14-6 


42 49 


231-9 


+ 14-20 


+ 170-1 


9-36 


19 


69-6 


15 


80 


14-5 


21 32 


4360 


+ 14-43 


+ 406-6 


9-68 


23 


64-9 


36 


81 


15 


138 25 


241-9 


+ 14-46 


— 180-9 


9-ei 


14 


8-6 


37 


*82 


13-9 


29 42 


338-7 


+ 1613 


+ 294-3 


10-28 


22 


3-7 


16 


83 


14-4 


36 57 


307-9 


+ 16-30 


+ 249-2 


11-45 


21 


18-6 


15,16 


84 


14-4 


104 2 


196-2 


+ 17-07 


- 47-3 


12-22 


16 


22-1 


14 


85 


14-4 


24 54 


460-0 


+ 17-10 


+ 408-2 


12-26 


23 


67-6 


36 


86 


13-5 


108 14 


200-9 


+ 17-19 


_ 62-9 


12-34 


16 


6-5 


4 


87 


12-9 


92 8 


192-4 


+ 17-32 


_ 7-2 


12-47 


17 


2-2 


1 
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No. 


VMg. 


Portion 


Dirtanee. 


Aa 


AJ 


a a878-0). 


«a878-0). 


Date. 


•88 


13-8 


30<» 


46' 


402"0 


+ 18-54 


+345"-4 


21» 37- 13'-69 


+ 42° 22' 


64"-8 


16 


89 


14-2 


48 


42 


297-6 


+ 20-16 


-1- 196-6 


16-31 


20 


25-9 


15 


90 


12-0 


128 


6 


287-9 


+ 20-41 


— 177-6 


16-56 


14 


11-8 


4 


91 


130 


136 


17 


332-6 


+ 20-70 


- 240-3 


15-86 


13 


91 


4 


92 


11-6 


29 


10 


489-7 


+ 21-53 


+ 427-6 


16-68 


24 


170 


13 


93 


13-2 


36 


51 


457-2 


+ 24-73 


+ 366-8 


19-88 


23 


15-2 


16 


94 


14-8 


41 


16 


416-7 


+ 24-78 


+ 313-2 


19-93 


22 


22-6 


16 


96 


9-0 


106 


18 


2861 


+ 24-87 


— 75-5 


20-02 


15 


53-9 


1, 28, 36 


96 


14-2 


43 


12 


437-9 


+ 27-03 


+ 319-2 


22-18 


22 


28-6 


15 


97 


14-0 


77 


61 


311-9 


+ 27-48 


+ 65-7 


22-63 


18 


15-1 


14 


98 


13-5 


99 


2 


312-0 


+ 27-77 


_ 49-0 


22-92 


16 


20-4 


6 


99 


11-4 


90 


53 


314-0 


+ 28-29 


_ 4-9 


23-44 


17 


4-6 


1,36 


100 


14-0 


82 


14 


321-8 


+ 28-74 


+ 43-4 


23-89 


17 


52-8 


14 


101 


11-4 


50 





422-3 


+ 29-17 


+ 271-4 


24-32 


21 


40-8 


12,13 


102 


14-8 


51 


66 


416-6 


+ 29-61 


+ 266-2 


24-66 


21 


25-6 


16 


103 


12-6 


128 


38 


424-1 


+ 29-84 


_ 264-8 


24-99 


12 


44-6 


5 


104 


11-4 


93 


22 


332-1 


+ 29-87 


_ 19-5 


2602 


16 


49-9 


1, 2, 36 


106 


11-3 


60 


40 


386-4 


+ 30-29 


+ 188-9 


26-44 


20 


18-3 


9, 35, 38 


106 


12-7 


62 


44 


388-6 


+ 31-14 


+ 178-0 


26-29 


20 


7-4 


38 


107 


11-2 


61 


16 


396-6 


+ 31-35 


+ 190-7 


26-60 


20 


20-1 


9,12 


108 


14-6 


93 


30 


349-4 


+ 31-43 


— 21-4 


26-68 


16 


48-0 


24 


109 


14-8 


107 


46 


378-2 


+ 32-46 


- 115-4 


27-60 


15 


14-0 


27 


110 


9-4 


78 


48 


396-6 


+ 35-07 


+ 77-1 


30-22 


18 


26-5 


1,35 


111 


14-8 


105 


21 


433-6 


+ 37-67 


- 114-8 


82-82 


15 


14-6 


27 


112 


14-6 


80 


22 


434-2 


4 38-68 


+ 72-7 


33-73 


18 


22-1 


24 


113 


14-0 


96 


2 


4961 


+ 44-63 


— 43-5 


39-68 


16 


26-9 


27 



l^OTES. 

1878, Nov. 17, several companions to this star seen: they were too faint for satisfisu^tory 

measurement. 1880, Feb. 8. Perhaps double. 
One or more very faint companions to this star repeatedly seen. 
This star is probably double or multiple, 1878, Nov. 30. 
Seen for the first time on Sep. 25, 1878. 
Double? 1880, Feb. 8. 
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99 **9 99 
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99 
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Ralph Copsland. 
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NOTE ON THE COMPUTATION OF SPECIAL PERTURBATIONS. 

By ORMOND STONK 
The methods usually employed in the computation of special perturbations may 
be divided into two classes ; that in which the elements are varied and those in 
which the co-ordinates are varied. The object of this note is to put the solution in 
such a form as shall^ in some measure, combine the advantages of both. 
Differentiating twice the equation — 

/> =- r (1 + ^ 008 «) (I) 

considering, as Hansen does, that ^o is constant, and putting — 



we have-^ 











"3? 


r 


dfr 


6^ sin 17 

r 



'dt — w- 



(3) 



(3) 



* We we indebted to Admiral Monches for theae nnmben of the Bull. Int 
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Let R be the component of the disturbing force resolved in the direction of the 
radius-vector, and S the component in the plane of the orbit, but perpendicular to 
the radius-vector ; then, as is well known — 

Substituting these values in (3), we have — 

^=£R-«.Bin.S+^^^ (5) 

n^hich since ftoi>o == ^o*j niay be written — 

^ + g*»=;B-^oBini;S+<^-t'^^^ + ^^^"^^' = A, (6) 

Habere pi is the value of p at the time <i, 8p = p — pi, 8p, = p, — Po* 8<^ — c — Ci 
^nd Sci = C| — Co. 

If we put fti = — and 8fi, =* fti — /x©, equation (6) becomes — 

We may also write — 

§+$••. = (8) 

where (Tx and yi are the rectangular co-ordinates in the orbit which osculates with 
the true at the time ^. 

Combining (7) successively with each of the equations (8) and integrating,* we 
have — 

c^hp r=z y^ I Axx dt -^ Xi /Ayi cU (9) 

If we put — 

a:, = r, COS t>i (10) 

P =r,A 

^nation (9) becomes — 

ip ^2^^i / ^ 006 r, d5^ — ^ 008 «4 /P sin «, <ft (11) 

whence— 

P=Pi+p,j anv^^p^^ cOBv^^^acoB^f. (12) '- 

where the meaning of a, p^ and p. is self evident 

* OppolMT, Lehrbnch iiir Bahnbestimmnng, VoL II., p. 257. 
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Introducing the mean and eccentric anomalies we have — 

M « E - «« sin E (13) 

a; Bs a 008 E — 0Mo 

y ss a 008 ^0 Bin E. 

If we differentiate each of these and substitute in the equation — 

dy don 

we have— 

c = n a» COS f, = ^^ (14) 

where n == ^ is the mean motion counted from a fixed perihelion ; whence — 

dhi n die 2n ^p ..k\ 

dt ^7' dt " p ' dt ^^ 

In applying these formulae the elements employed may be considered constant 
for short intervals of time^ and only changed at the end of each interval. If this 
be done we may put A = Ai, and write — 

P ^p, R - ^nsint;, S + {<^o + <^^) (^ +^^^) - h ^^ (18) 

dZm J nj J 27*1 ^ 
dt " c, p^ ^ 



Recapitulating and adding the equations depending upon Z, the component of 
the disturbing force pei*pendicular to the plane of the orbit, we have — 

f ^POOB.. 

dZm ^ n, / ^^ 2(p, oo8 t?. — j>^ ain t>0 \ 

j»£ ^ ^r, viniy, + ifi — fti) 
di Cx sinf| 

f = zjoo8 («. + ,.- a.) 

For the determination of the remaining elements, we have at the end of each 
interval — 

« = «. + ^ (20) 



V ni COS ^ 
ir « ir, 4- 2 sin* ^tj • 3ft 
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TTEBER EIN ALTES MANUSCRIPT DER PULKOWAER STERNWARTE. 

Von. a WAGNER 

Der Freundlichkeit eines Herm Goschkewitsch, ehemals ruseischen Consuls in 
China verdankt die Pulkowaer Sternwarte schon seit geraumer Zeit den Besitz 
eines arabischen Manuscriptes, welches mir fur die Geschichte der Astronomie des 
Mittelalters nicht ohne Bedeutung zu sein scheint. Ich bin leider nur im Stande 
ziemlich durftige Nachrichten von demselben zu geben, hoffe aber dass auch diese 
yielleicht im Stande sind das Interesse eines Freundes der Geschichte der 
Astronomie, der zugleich Kenner des Arabischen ist, zu wecken, und ihn zu 
weiterer Nachforschung in dieser Richtung zu veranlassen. 

Der Verfasser des Manuscriptes ist bisher nicht zu ermitteln gewesen. Wir 
wissen nur, dass Herr Goschkewitsch dasselbe gleichzeitig mit einem chinesischen 
Manuscripte^ das darauf Bezug zu haben scheint und das auch im Besitz der 
Sternwarte ist, in China, wenn ich nicht irre in Tientsing, erworben hat. Es ist 
auf ziemlich dickem Papier, welches durch Zusammenkleben mehrerer Lagen 
dtinnen Papiers hergestellt ist, wie es scheint mit Tusche geschrieben, und zeigt 
Spuren seiner chinesischen Herkunft auch in chinesischen Schriftzeichen, die sich 
auf einer Seite des Manuscriptes vorfinden. 

Ich habe das Manuscript ein arabisches genannt; es kann aber auch ein 
persisches sein, denn est besteht nur aus ZahlentabeUen mit den dazu gehorigen 
Ueberschriften. Da die Perser sich der arabischen Schrift bedienen und fur 
Astronomie und Mathematik arabische Termina technica benutzen, so lasst sich in 
soweit keine Entscheidung tiber die Nationalitat des Verfassers treffen. Ein 
Titelblatt fehlt, und ebensowenig ist eine Einleitung oder Erklarung des Gebrauchs 
der Tafeln vorhanden. Es scheint mir aber, wie ich bald zeigen will, Grund zu 
der Annahme vorhanden zu sein, dass die Tafeln persischen Ursprungs sind. 

Das Manuscript besteht gegenwartig aus 20 Blattern, die erst neuerdings mit 
einer Paginirung versehen worden sind. Es tragt die Spuren vielfacher Benutzung 
an sich, indem die untern Ecken verscbiedener Blatter stark abgegriffen sind. 
Einer unserer Orientalisten m^inte nach dem Character der Schriftztige das 
Manuscript dem XII*~ Jahrhundert zuschreiben zu konnen ; aus Grunden, die dem 
Inhalte des Manuscriptes zu entnehmen sind, dtlrfte seine Abfassung auf die zweite 
Halfte des XIII*~ Jahrhunderts zu verlegen sein. 

Das Manuscript enthalt vollstandige Tafeln fur die Bewegung der Sonne, des 
Mondes imd der fiinf den Alten bekannten Planeten. Ich will jetzt so viel von 
dem Inhalt der Tafeln angeben^ als ich, ohne Orientalist zu sein und ohne zu 
viel Zeit darauf zu verlieren^ habe ermitteln konnen. 

Die erste, aussere Seite des Manuscriptes ist unbeschriebeu, ich habe sie daher 
mit bezeichnet. 
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P. 1 iind 2 enthalten jede acht Columnen, von denen die zweite auf jeder Seite- 
o£fenbar das Argument zu den tabulirten Grossen bildet. In alien Colunmen mil 
Ausnahme der zweiten sind die Zahlen durch die arabischen Buchstaben 
ausgedriickt. Columne 2 enthalt die Jahreszahlen der muhamedanischen Zeitrech- 
nung durch Ziffern ausgedriickt, aber so^ dass die Einer, Zehner, Hunderte und das 
Tausend besondere Specialcolumnen erhalten haben, mit besondem XJeberschriften 
welche dieses in arabischer Sprache bezeicbnen. Die erste Columne giebt die 
Wochentage des Jahresanfangs der Epoche an. Die erste Zeile der tabulirten 
Werthe hat keine Jahresbezeichnung ; sie gilt aber fiir den Anfang der muhamed- 
anischen Aera, imd der Wochentag ist gleich 6, was wohl ein Freitag bedeuten 
soil. Das nachstfolgende Argument ist 600 und von da an wachsen dieselben 
stets um 30 bis zum Jahre 1440 Mohameds. Die Tafeln sind demnach nicht auf 
haufigere Benutzung fiir die zeit vor 600 eingerichtet, woraus schon folgt dass die 
Tafeln nach dem Jahre 600 = 1204 n, Chr. abgefasst sind. 

Die dem Argumente entsprechenden Grossen sind der Beihe nach die 
folgenden — 

Auf Seite 1, Col. 3 Mittlere Lange der Sonne, 

4 MitUere liinge des Mondes, 

5 Mittlere AnonuJie des Mondes, 

6 Doppelte mittlere Elongation des Mondes^ 

7 Mondsknoten, 

8 Epicjkel des Satum, 

und auf der gegenUberstehenden Seite 2 — 
GoL 3 Epicykel des Jupiter^ 

4 Epicjkel des Mars, 

5 Epicykel der Venus, 

6 Epicykel des Merkur, 

{Zwei Quantitaten welche fur das Jahr 660 = gesetzt sind und deren 
jiUirliche Bewegungen fiir das muhamedanische Jahr respectiTe iV'%1^ 
und 58^*225 betragen. Die eine dieser Quantitaten ist offenbar die 
Praecession, die andere wahrscheinlich Bewegung des Apogaeums der Sonne. 

Pag. 3 und 4 enthalten die Bewegungen derselben 12 Grossen, die auf den 
Torhergehenden Seiten vorkommen, fUr die einzelnen Jahre des 30jahrigen Cyclus 
der mohamedanischen Zeitrechnung. Als Schaltjahre sind in diesem Cyclus 
angesetzt die Jahre 2, 5, 7, 10, 13, 16, 18, 21, 24, 26, 29. In den Argumenten- 
columnen befindet sich wiederum die Jahreszahl in Zifferschrift mit den entsprech- 
enden XJeberschriften fiir Zehner und Einer und daneben der Wochentag des letzten 
Tages des betreffenden Jahres, den ersten Tag des Cyclus = 1 gesetzt, sowie die 
Bezeichnung der Schaltjahre. 

Die nachsten beiden Seiten 5 und 6 enthalten die Bewegungen fur die einzelnen 
Monate des Jahres in doppelter Weise, namlich einmal fiir die bekannten arabischen 
Monate, welche abwechselnd 30 und 29 Tage baben und wo im Schaltjahre der 
letzte Monat 30 Tage statt 29 erhalt, und das zweite mal fiir Monate die mit den 
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persischen Namen* bezeichnet sind^ welche die folgenden sonst nicht bekanntea 
Dauem erlialten — 



Ferwerdin, . 

Ardebeheschty 

Chord4d, 

T!r, . 

Mord&d, 

Bcbarir, 



31Ta«e. 


6 Mir, . . 


. SOTage. 


31 „ 


7 AMn, . 


. 30 „ 


31 „ 


8 Ader, 


. 29 „ 


32 „ 


9 Dei, 


. 29 „ 


31 „ 


10 BaUmen, . 


. 30 „ 


31 „ 


11 Asfend&rmed, 


. 30 „ 



Im Schaltjahr erhalt der letzte Monat 31 Tage. 

Auf den folgenden Blattern des Manuscriptes kommen arabische Ziffem nicht 
weiter vor. 

Die Seiten 7 and 8 enthalten die Bewegungen fiir die einzelnen Tage des Monats, 
-und p. 9 und 10 die fur die Sexagesimaltheile, wobei das Ganze gedrangter gehalten 
und die beiden letzten Columnen der vorhergehenden Doppelseiten, als iiberflussig, 
weggelassen sind. 

Von den folgenden Tafeln scheinen mir die auf p. 11 und 12 die Mittelpunkts- 
gleichung der Sonne nebst den Differenzen zu enthalten ; der Maximalwerth tritt 
bei den Argumenten 3" 2° und 8" 28° mit 2° 0' 47'' ein. Die Tafel p. 25 bezieht 
sich auf den Mond und giebt offenbar die Breite des Mondes ; die zu Grunde gelegte 
Neigung der Mondbahn ist 5° 2' 20''. 

Andere Tafeln sind den Tafeln auf p. 11 und 12 ahnlich construirt; ich bin 
augenblicklich nicht im Stande ihre Bedeutung im Einzelnen anzugeben. Da die 
Schrift aber sehr deutlich ist, so lassen sich alle Zahlen leicht lesen, und es wiirde 
demnach durch Vergleichung mit andem alten Tafeln nicht schwer fallen die 
Bedeutung der einzelnen Theile festzustellen. Es genlige hier zu erwahnen, dass 
sie sich gleichfalls theils auf die fiinf alten Planeten beziehen, unter anderem auch 
das zur Berechnung der Stillstandspunkte Nothige enthalten, theils die Hilfsmittel 
zur Berechnung der Conjunctionen und Finstemisse von Sonne und Mond zu 
enthalten scheinen, mit einem Worte Tafeln, ganz ahnlich denen, wie sie z.B. in den 
verschiedenen Ausgaben der Alphonsinischen Tafeln erhalten sind. 

Da bei den Tafeln kein Verfasser genannt ist, so hoffte ich zunachst aus der 
denselben zu Grunde gelegten Sonnenbewegung einigen Aufschluss uber ihren 
XJrsprung zu erhalten. 

Auf p. 1 findet sich die mittlere Lange der Sonne — 

fur das Jahr der Flucht : 3' 26'' 5' 8" 

„ „ 600 5 U 25 19 

„ „ 1200 7 2 45 29 

„ 1350 1 U 50 32 

Das mohamedanische Jahr enthalt bekanntlich 354 ^ Tage. 1200 Jahre 

* Ich babe die Lesnng der Namen aus Ideler's Chronologie Bd. II p. 515 entlehnt, mit dem die persiBche Schreibweise im 
Angemeinen UbereiDfttimmt 

VOL. II. R 
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also 425240 Tage, wahrend welcher Zeit die Sonne 1164 Umlaiife + 3« 6* 40' 21" 
gemacht hat Dem entspricht ein tropiches Jahr von 365*^ 5^ 48" 46'. Diese 
Jahreslange, die zufallig mit der in den neueren Zeit scharf ermittelWn genau 
ubereinstimmt, kommt so viel ich habe ausfindig machen konnen, bei keinem der 
alten Astronomen vor. Ich gebe hier zur Vergleichung die von Herm Houzeau 
iin " Repertoire des constantes de TAstronomie ** angeftihrten Langen des tropischen 
Jahres von Ptolemaus an — 



140 Ptolem&us, 


366* 


6" 66- 


14' 


1346 Chrysooocca, 


. 365* 


6" 48- 


67' 


880 Al Battaiii, 




46 


30 


1437 Ulng Beg, . 




49 


45 


1091t Siirya-Siddhanta, 




62 


14 


1643 Ciopernicus,. 




49 


6 


1210 Thebit ben Corrah, 




48 


49 


1551 Reinhold (Tab Prut), . 




49 


16 


1230 Aboul Hassan, . 




64 


1 


1600 Tycho Brahe, 




48 


45-3 


1250 Alphonsus, 




49 


16 


1627 Kepler (Tab. Rud.), 




48 


57-6 


1271 NassirEddin, . 




49 


2 











Es ist hierbei zu bemerken, dass nach Weidler Thebit ben Corrah das tropische 
Jahr fiir veranderlich gehalten hat and von ihm nur die mittlere Dauer des 
siderischen Jahres = 365* 6^* 9"" 12" angegeben ist, dass die von Herm Houzeau 
flir diesen Astronomen aufgefiihrte tropische Jahreslange also nicht von Thebit 
selbst abgeleitet sein kann. 

Man sieht also jedenfalls, dass der Verfasser der Tafeln aus einer besondern 
Quelle geschopft hat, und es durfte von Interesse sein dieser Quelle nachzuspilren. 
Konnten es vielleicht die Ilkahanischen Tafeln des Nassir Eddin sein? Die im 
obigen Verzeichniss aufgefiihrte Jahreslange des Nassir Eddin stimmt damit nicht ; 
sie ist aber nicht direct den Ilkahanischen Tafeln entnommen, sondem kann nur 
aus einer Angabe des Shah Cholg, von Greaves (London 1652 p. 42) publicirt, 
abgeleitet sein, da Bailly, der als Quelle aufgefiihrt wird, nur diesen hat benutzen 
konnen. Die Ilkahanischen Tafeln scheiaen bis jetzt nicht publicirt zu sein, 
obgleich Jourdain in seinem " M^moire sur TObservatoire de M^ragah " dieselben 
bereits 1810 als auf der Pariser Nationalbibliothek vorhanden erwahnt.* Es ist 
aus dieser Abhandlung und wohl auch schon friiher bekannt, dass Nassir Eddin in 
hohem Ansehen bei Holagu Chan, dem mongolisch-tartarischen Eroberer Persiens 
stand, wahrend llolagu's Bruder Kublai Chan, nach Gaubil in China Houpiti^ 
genannt, die Herrschaft der Mongolendynastie in China ausbreitete und befestigte. 
<Taubil in seiner " Histoire abr^g^e de TAstronomie Chinoise "f erwahnt dass Kublai 
an seinem Hofe ein mathematisches Tribunal aus dem Occident gehabt habe, und 
stellt die Vermuthung auf, dass die zu jener Zeit verbesserten Methoden der 
Chiiiesischen Astronomie unter dem Einflusse dieser persischen Astronomen 
entstanden wiiren. Er erwahnt ferner, dass der abendlandische (persische) Astronom 

* Persische Manuscripte Nos. 169 u. 178. Siehe Monatliche Correspondenz Bd. 23. Nach einer freundlicfaen Mittheilang des 
Baron V. Rosen befiuden sich noch Manuscnpte der Ilkahanischen Tafeln in Leiden, in Florenz (BibL Medioea LauMntiA&a et 
Falatina), in Golba (unTollstftndig) nnd wahrscheinlich auch in der Bodleyan Library in Oxford. [See note on p. 129.] 

t Souciet, Observations Math., Astron. &c T. II. p. 129. 
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Tsarma-tou-lin (nach Gaubil Gema-le-din) eine Astronomie zum Gebrauch der 
Chinesen abfasste, und in Peking Instrumente verfertigte, die von denen der 
Ghinesen verschieden waren. Konnte dieser Astronom nicht auch der Urheber 
unserer Tafeln sein ? Und was ist weiter ron ihm bekannt ? Gaubil scheint von 
ihm als von einer bekannten Personlichkeit zu sprechen, und auch S^dillot erwahnt 
seiner.* 

Wir finden tibrigens auch in den Tafeln selbst noch Hindeutungen auf jene Zeit 
und jene Beziehungen. Ich habe schon oben erwahnt, dass die in den Columnen 

5 und 6 der Seiten 2, 4, 6, 8, aufgefiihrten Quantitaten, von denen die eine ohne 
Zweifel die Pracession bedeutet, fur das Jahr 660 = gesetzt sind. Dor Grund 
daf iir kann doch wohl nur der gewesen sein, den Gebrauch der Tafeln zu der Zeit, 
in welcher sie verfasst wurden, moglichst bequem zu machen. Das Jahr 660 
Mohameds entspricht aber dem Jahre 1261 unserer Zeitrechnung. Kublai Chan 
starb wie im ersten Bande des Souciet p. 201 erwahnt im Jahre 1294, 80 Jahre 
alt ; die Anfertigung der Tafeln fallt also wahrscheinlich gerade in seine 
Begierungszeit. 

Ein zweiter Umstand, der unsero Aufmerksamkeit verdient, ist die von mir 
schon erwahnte Form der persischen Monate. Es findet sich die Erklarung dieser 
Monatsdauern in einer Noti^ von Ideler,t wonach unter Omar Alcheijam auf 
Vorschlag von acht Astronomen die Monate des persischen Sonnenjahres wahre 
Sonnenmonate sein; d. h. dem Verweilen der Sonne in den Zeichen des Thierkreises 
entsprechen soUten. Auch Chrisococces berichtet ahnliches vom Sultan Melixa.J 
Diese Form der Monate, die in Persien selbst nicht in Gebrauch gekommen oder 
wenigstens nicht im Gebrauch geblieben ist, hat sich in unseren Tafeln erhalten. 
Ferner erwahnt Gaubil auf p. 133 des bereits citirten Werkes, dass die Mohame- 
daner Chinas unbewegliche Sonnenmonate haben, deren Namen, wie man sich dort 
tiberzeugen kann, mit Rticksicht auf die Chinesische Aussprache voUkommen mit 
den in unseren Tafeln vorkomnaenden ubereinstimmen. Die Monatslangen ftir 
Monat (3) Tlr und (7) Abdn weichen freilich von den in unseren Tafeln aufgefiihrten 
ab, indem Gaubil fur beide 31 Tage angiebt, wahrend in unseren Tafeln Tlr 32 und 
Ab&n 30 Tage hat. Der unregelmassige Verlauf der Zahlen bei Gaubil, fiir den 
man keinen Grund angeben kann, lasst aber eher bei' Gaubil einen Schreib- oder 
Lesefehler vermuthen. 

Noch ist zu bemerken, dass als Wocheiitag der Aerfii,, d. h. der Flucht Mohameds 

6 oder der tiblichen Bezeichnungsweise entsprechend ein Freitag angesetzt ist, also 
der 16** Juli, wahrend bekanntlich einige orientalische Astronomen ihre Aera 
auch mit einem Donnerstag, dem 15**'' Juli beginnen. 

Das anfangs erwahnte chinesische Manuscript hat neben dem chinesischen Titel 
die etwas unleserliche oflfenbar schon im l?** Jahrhundert von einem der Jesuiten 

* Prol^gomtoes des tables astron. d'Onlong-Beg, Paru 1858, p. XVIII. 

t Handbnch der Chronologie Bd. 2, fi. 526 (Berlin 1826> 

t Bnllialdas, Tabulae Philolaicae p. 214 (Anhang zar Astronomia Philolaica, Parisiis 1645). 
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gemachte Aufschrift : '' Praecepta antiqua^ annis superioribus ex Maurorum libris 
excerpta, quibus usque in hodiemum diem adbuc utuntur . . . nihilominus anno 

1668 Maurus . . . bodie metuebat uti hisce praeceptis, nisi " Nach der 

Erklarung eines hiesigen Sinologen, des Herrn Professor Wassiljeff bedeutet der 
chinesische Titel des Werkes : Anleitung zur westlichen Astronoraie, kann also 
gleichfalls auf die Perser gedeutet werden. Man diirfte demnach in diesem Werke 
einige Aufklarung iiber unsere Tafeln zu finden hoffen, aber leider sind Personen, 
welche die Kenntniss der chinesiscben Spracbe mit dem Interesse fiir Astronomie 
verbinden^ gar zu selten.* Auf p. 45-46 dieses Manuscriptes befindet sicb eine in 
chinesiscben ZifFern sauber geschriebene Tafel,zu welcher der Commentator folgende 
Bemerkung gemacht hat : ^* Vide tabulas Maurorum qui habentur inter tabulas 
latitudinis planetarum quae est exactior quam haec." Ich schliesse daraus das 
schon der Jesuit unser Exemplar der persischen Tafeln besessen und verglichen 
hat. Die eben erwahnte Tafel ist eine Tafel der Mondbreiten, wobei die Chinesen 
die Neigung 5® 2' angenommen aber nur die Minuten angesetzt haben, wahrend in 
der persischen Tafel auch die Secunden gegeben sind. Auch ist zu bemerken, dass 
die Chinesen in ihrer Tafel die sexagesimale und nicht die sonst nach Gaubil bei 
ihnen tibliche centesimale Gradtheilung angewandt haben. 

Zum Schluss will ich noch, um die Vergleichung unserer Tafeln mit anderen 
alteren Tafeln zu ermoglichen die Tafelwerthe ftir's Jahr 660 Moh. und die 
Bewegung in 30 muham. Jahren mittheilen. Es konnen diese Grossen auch dazu 
benutzt werden die Lange des Ortes, fur dessen Meridian die Tafeln berechnet 
sind, wenn auch nur genahert zu bestimmen. In unserer Bibliotbek sind leider 
keine andem arabischen Tafeln vorhanden, mit denen ich unsere Tafeln direct 
vergleichen konnte. 



Mittl. Lange der Sonne, 

,y „ des Mondes, 
Mittlere AnomaJie dee Mondes, 
2 (([ - 0) . 
Mondsknoten, 
Epicykel des Saturn, 

„ des Jupiter, 

„ des Mars, 

„ der Venus, 

„ des Merkur, 
Sonnenapogaeiim, 1 
Praeoession, 



660 


In 30 JaliTen. 


241° 16' 20" 


38° 


26' 1" 


265 12 


38 


16 


116 41 


293 


47 


47 64 


369 


40 


18 31 


202 


68 


209 16 


42 


16 


267 46 


234 


39 


218 36 


227 


1 


239 9 


74 


16 


215 37 


267 


44 







29 7 



23 56 



Pulkowa, ^ Mai 1882. 



* Nach einer Mittheilnng des Baron V. Roeen befindet rich in PariB ein Manuacript arabischer astronomischer Tafeln , dven 
Einleitung oder Erkliining chinesiach geechrieben ist Die Vergleichiing dieses Mannscriptes mit unseren Tafeln wftra gleichfalls 
sehr irlinschenswerth. 
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Notes on the preceding Paper. 

The length of the tropical year, 365*^ 5^ 48" 46", deduced by M. Wagner from the 
annual increase of the mean longitude of the Sun as given in the MS., is nearly 
identical with the value found by Ebn-Junis, while Ko Show-King, the astronomer 
of Koblai Khan, adopted 36 5** 5** 49" 12'. I have not Souciet's work at hand, but 
find the following remarkable passage in S^dillot's "Mat^riaux pour servir k 
Thistoire compar^e des sciences mathdmatiques chez les Grecs et les Orientaux*' 
fT. Up. 644, Paris 1849) : " Coch^ou-king savait que la sienne ^tait un pen plus 
longue que celle qui lui ^tait communiqu^e [i.e. by Gemal-eddinJ, mais elle lui 
donnait une intercalation commode de 97 jours en 400 ans." M. Wagner's 
conjecture, that the tables in question date from the reign of Koblai Khan, is 
therefore probably correct. 

As to the length of the tropical year given in M. Houzeau's " Repertoire" under 
Nassir Eddin's name, M. Houzeau quotes Bailly's Astr. mod. I p. 691 as his 
authority ; but Bailly states expressly that Thebit only determined the length of the 
sidereal year. It will be remembered that Thebit and after him most astronomers 
nearly down to Tycho Brahe believed the equinoxes to be subject to an oscillating 
motion (trepidatis). 

Among the Oriental Codices in the Bodleyan Library Heilbronner (Historia 
Matheseos universe p. 616) mentions *' Nasiroddini Thusii TabulsB Astronomicse."* 

If M. Wagner is right in supposing the figure 0"" 23' 56'' fco be the Precession in 
30 Mahomedan years, the Author of the tables has had a better knowledge of the 
correct value of this constant than most of the Arabian Astronomers possessed. 
For one Julian year his precession would be 49"'35, or 1° in 72*95 years, while 
Ebn Junis found 51"-24 or 1° in 70^ years (Caussin p. 170), Nassir Eddin 1^ in 
70 years, while most others adopted V in 66 years.* 

The inclination of the Moon's orbit, which by Hipparchus, Ptolemy (and even by 
Al Battani) was put = 5° 0', was first found to vary by the sons of Musa ben 
^chaker (about 850) and by Abul Hassan Ali ben Amadjour (early in the tenth 
<^entury). Ebn Junis who mentions this, adds that he had measured it himself 
several times and found 5° 3' or 5^ 8' (S^dillot, Mat^riaux p. 286). 

J. L. K D. 

• It is probably this manoscript which I had recently an opportunity of seeing at Oxford. It forms No. 249 of the Huntingdon 
diTision of the Bodleyan Library, and is thus described in the Catalogue—** Codex bombycinus, fine truncns, foliis tamen 140 
constans. In eo habetur opus, Methodut /aeUit inscriptum, complectens Tabulas motuum septem Planetarum ;, quae apud 
Orientales magno in pretio sunt. Praecepta non adduntur, nisi pro Luna. Initium a Marte ducitur. Anctoris nomen Narireddm 
Ahhuti.^^ It is written in Arabic— black, with the arguments in red. Although it is somewhat blotted and has a few wormholes, 
it is still perfectly legible. 

a 0. 
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BEMERKUNG ZU DR. H. KOBOLD'S AUFSATZ tJBER DAS PROBLEM 

DER DREI KORPER 

Von Professor AUG. WEILER 

Die Zeitschrift Copernicus No. 16 und 17 enthalt den Aufsatz, "Eine neue 
Behandlung des Problems der drei Korper," in welchem der Verfasser die Absicht 
hat, die wahre Anomalie des storenden Korpers als unabhangige Veranderliche in 
die Differentialgleichungen der Bewegung einzuftlhren. 

In diesem Aufsatze ist die Analysis bei dem ersten Schritte, welch ender Verfasser 
untemimmt, verfehlt. Die zu transformirende Differentialgleichung S. 70 ist : — 



g + *«(l+«)5=*»(l+»n)^J- 



soil die Veranderliche v' an die Stelle von t gebracht werden, so ist zum Behuf der 
Transformation die Gleichung — 

dt ~ r'« 

gegeben, welche S. 71 zum Ausgangspunkte genommen ist. 
Der Verfasser setzt nun — 

dh: _ dhi dv'^ 
d?" d^^W 



WO es doch heissen soUte : 



d^x ^ d^x ^^ , dx rfV 



In dem Letzteren ist noch zu schreiben : — 



dH 2* VI + w' V/)' dt* 2k /I +m' , . ^ rft/ 

oder — 



dV 2Jfc« (1 + m') ^ . , 

Der Verfasser hat also das mit 2e' multiplizirte Glied offenbar vergessen. Wenn 
hier e' = gesetzt werden diirfte, so wtirde man mit demselben Rechte v' = p' ■= a^ 
schreiben oder die Bahn des storenden Korpers als kreisformig betrachten* Dies 
kann aber die Absicht des Verfassers nicht gewesen sein. Denn woUte man die 
Bahn des storenden Korpers als kreirformig assehen, so ware das Verhaltniss 
dv' : dt ein konstantes, und die beabsichtigte Transformation konnte nicht mehr 
zum Gegenstand einer Abhandlung gemacht werden. 
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BEOBACHTUNGEN VON SONNENFLECKEN AM ASTRO- 
PHYSIOALISCHEN OBSERVATORIUM ZU O'GYALLA 



Grnppe. 



M. Z. O^Gjalla (bUrg.) 



ItotatioDsperiode 284. 



16 


Februar 


2-5328 


194°-77 


210'-0 


154°-75 


354°-00 


_ W-IS 


) 




ty 


3-4850 


226-90 


371-7 


169-54 


356-18 


_ 16-85 


(Kleiner dunkler Fleck ; 




ff 


4-4850 


236-41 


568-3 


184-64 


356-04 


— 16-22 


( Febr. 6 doppelt. 




»» 


5-5272 


239-92 


7301 


200-20 


356-74 


- 15-91 


j FF- 




Februar 


4-0076 








356-49 


— 16-63 


£=:15M725 io = 14M06 








Mittii. 


Abw. ei 


ner Beob. 


+ 0-163 


+ 0-009 


a6 = + 0°-429 


17 


Februar 


2-5328 


93-90 


4171 


123-85 


323-10 


_ 12-57 


Einzohier Fleck. 


14 


Jonuar 


31-5059 


53-83 


867-5 


87-67 


315-83 


+ 18-23 


1 Ein sicb aufldsender 




Februar 


1-5086 


47-94 


762-2 


101-71 


316-57 


+ 18-53 


Meek. Anf angs einf ach 




f) 


2-5328 


38-71 


628-7 


116-36 


315-61 


+ 18-51 


und mit einem Hofe 




y9 


3-4850 


24-91 


509-8 


129-59 


315-23 


+ 18-64 


unjgeben; von Febr. 




fj 


4-4850 


1-42 


416-8 


143-79 


315-19 


+ 18-36 


2 an in zwei kleine 




»» 


5-5275 


330-14 


414-2 


158-32 


314-84 


+ 18-01 


Fleckchen getrennt. 




Februar 


3-0074 








315-38 
+ 0093 


+ 18-36 
+ 0-211 


{=14°-0796 £o=»14*'-051 


18 


Februar 


2-5328 


87-88 


824-6 


90-38 


289-63 


— 12-38 


Elnzelner Fleck. 




» 


3-4850 


88-24 
87-89 


688-3 
740-2 


104-64 
99-93 


29018 
285-67 


_ 12-47 
- 12-47 


> Blleinere Flecka 




» 


4-4850 


88-95 


587-2 


113-62 


285-02 


- 12-32 


Grosser Fleck am Ende 
einer langen Oruppe. 




fy 


5-5275 


99-27 


267-0 


136-31 


292-83 


— 1217 






$f 


8-4935 


239-30 


432-4 


180-57 


294-77 


- 12-43 


Grosser Fleck im W. einer 




tf 


9-5072 


241-20 


626-4 


195-66 


295-41 


- 12-91 


Gruppe; die sich bis 




tj 


10-4839 


24203 


780-7 


210-38 


296-19 


- 13-37 


• L = 234°6«-.12*»-6 




» 


11-6123 


241-93 


890-3 


224-68 


295-83 


— 13-24 


erstreckte. 




ft 


12-4906 


241-34 


9510 


237-82 


295-00 


- 12-97 


- 




Felmiar 


9-6692 








294-97 
+ 0-560 


- 1302 
+ 0-501 


4=14^-6600 4o=U''197 


19 


Februar 


5-5275 


54-77 


725-7 


106-63 


263-15 


+ 11-16 






t> 


8-4936 
9-5072 


364-22 
312-10 


291-0 
346-3 


151-76 
166-75 


265-96 
266-50 


+ 10-83 
+ 1118 


Kauptfleck einer klein- 
' eren Gruppe, der sich 
allmahlig aufldste. 




»> 


10-4839 


290-49 


489-9 


180-99 


266-80 


+ 11-57 




f> 


11-5123 


279-27 


648-8 


195-47 


266-62 


+ 11-68 




» 


12-4905 


273-30 


778-8 


208-73 


266-07. 


+ 11-82 






Februar 


9-6692 








265-85 
+ 0-819 


+ 11-37 
+ 0-377 


i=14''-7165 4,= 14''-232 



132 



Beobachtungen von Sonnenflecken 



Grnppe. 


M.Z.0*G7aUa(bttrg.) 


P 


f 


1 


h 


b 






Februar 


4-4850 


59°-74 


894"-9 


86°-ll 


257"'-61 


+ 12''-67 


) 




i> 


5-5275 


55-37 


787-5 


100-86 


257-38 


+ 12-52 


f Fleckeinder Mitte der 








66-90 


870-4 


91-47 


247-99 


+ 13-79 


( Oruppe. 








64-16 


897-8 


86-92 


242-44 


+ 8-21 


) 




Februar 


8-4935 

9-5072 

10-4839 


46-97 

25-00 

337-96 


463-3 
297-9 
238-8 


129-59 
144-11 
158-14 


243-79 
243-86 
243-95 


4- 7-06 
+ 7-16 
+ 7-69 


Grosser behofter Fleck.' 
Febr. 8-11 besass er 
einen doppelten Kern, 
^ w&hrend er Februar 5 
und nach Febr. 11 sich 
als einfieu^er runder 
Fleck darstellte. 




99 


11-5123 
12-4906 
13-4805 


295-77 
279-59 
271-81 


348-6 
511-1 
673-4 


173-20 
186-83 
201-03 


244-36 
244-01 
244-09 


+ 7-66 
+ 8-08 
+ 8-05 




99 


14-4804 


266-68 


811-4 


215-46 


244-26 


+ 7-87 




99 


15-4848 


263-07 


9101 


229-79 


244-26 


+ 7-68 




Februar 


11-8816 








244-06 
+ 0-129 


+ 7-64 
+ 0-377 


£ = 14^-3311 {, = l4''-295 




Februar 


8-4935 


50-53 


566-5 


122-26 


236-45 


+ 8-44 


Behofter Fleck. 




99 


9-5072 


3703 


398-0 


136-52 


236-27 


+ 8-31 




99 


10-4839 


7-64 


273-0 


150-13 


236-94 


+ 8-50 


- Febr. 10 und 11 war der 




99 


11-5123 


317-65 


273-5 


164-86 


236-00 


•4- 8-21 


Kern doppelt. 




9> 


12-4905 


289-81 


4141 


178-81 


235-99 


+ 8-56 




Februar 


10-4975 








236-13 
+ 0117 


+ 8-40 
+ 0-140 


f=14M477 {o=14''-384 


20 


Februar 


8-4935 


126-47 


297-9 


143-04 


257-24 


-20-04 


Vorangehender eines Dop- 
pelfleckg. 


21 


Februar 


9-5072 


42-63 


680-3 


117-40 


217-15 


-h 16-55 


Fleck mit kleinem Be- 
gleiter. 


28 


Februar 


14-4804 


268-68 


490-0 


189-62 


218-42 


+ 2-26 


1 Sehr unbestandige Grup- 
j pe kleiner Fleckeu, 




99 


15-4848 


263-68 


680-6 


205-03 


219-50 


-h 3-16 




99 


18-4907 


264-78 


949-8 


242-49 


214-07 


+ 2-03 


23 


Februar 

99 


11-5123 
12-4905 


108-79 
165-77 


485-5 
177-9 


142-13 
157-28 


213-28 
214-46 


- 16-65 

- 16-91 


) Behofter Fleck; Febr. 
y 12 war der Kem 
V getheilt. 




99 


13-4806 


211-30 


266-2 


172-00 


215 06 


- 16-84 




» 


14-4804 


228-07 


442-1 


186-26 


215-05 


— 16-80 




Februar 


12-9909 








214-46 


- 16-80 






Februar 


16-4848 


232-70 


521-1 


193-35 


207-80 


- 15-97 


Behofter Fleck enstanden 
aus vier kleinen. 


24 


Februar 


13-4805 


337-97 


199-6 


159-68 


202-74 


+ 5-28 


Kleiner Fleck. 


26 


Februar 


13-4806 


96-60 


306-6 


142-37 


185-43 


— 13-22 


Verwaachener Fleck, 


22 


Februar 


9-6072 


61-71 


941-4 


81-87 


181-62 


+ 10-48 


^ 




yf 


10-4838 


58-32 


879-5 


94-16 


179-97 


+ 11-21 






» 


11-5123 
12-4905 


53-63 
47-79 


76J-8 
617-9 


109-08 
123-36 


180-23 
180-54 


+ 11-29 
+ 11-15 


Behofter Fleck. Febr. 
10-12 mit doppeltem 
Kerne. 




l> 


13-4805 


36-88 


468-0 


137-29 


180-36 


+ 10-40 




II 


14-4804 


10-56 


318-6 


151-76 


180-56 


+ 10-29 






15-4848 


328-41 


292-7 


166-92 


180-39 


+ 10-36 






» 


18-4907 


272-60 


7J7-8 


209-21 


180-79 


+ 10-73 


■ 




Februar 


13-7747 








180-62 
+ 0-142 


+ 10-77 
+ 0-438 


f=14°-3484 {o = U*'-244 
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Ginppe. 


1I.Z. O'Oya]la0>tlrg.) 


p 


P 


/ 


L 


b 




27 


Februar 


13-4806 


266°-58 


811"-4 


118°-95 


162°01 


+ 24"'-ll 


Kleiner, undeutlicher 
' Meek. 




» 


16-4848 


5-82 


502-4 


148-91 


163-38 


+ 21-76 


26 


Februar 


12-4906 


89-66 


926-4 


85-28 


142-46 


— 17-54 


' 




9> 


13-4805 


89-48 


840-6 


99-44 


142-50 


- 17-57 






j> 


14'4804 


90-93 


711-6 


113-60 


142-40 


- 17-86 


► Grosser, behofter Fleck. 




91 


16-4848 


94-66 


647-6 


128-61 


14308 


- 17-85 






» 


18-4907 


189-66 


210-7 


170-98 


14256 


- 17-66 


_ 




Februar 


14-8864 








142-60 
+ 0-265 


- 17-70 
± 0-162 


£ = 14°-2995{o=14°-072 


29 


Februar 


16-4848 


254-78 


903-2 


92-49 


106-96 


_ 17-40 


Einzelner Fleck. 




» 


18-4907 


91-60 


492-3 


136-24 


106-82 


_ 15-98 


Gruppe zfthlloser Fleckchen 


30 


Februar 


26-6054 


238-67 


471-1 


201-96 


59-21 


_ 11-03 


Gruppe von drei kleinen 
Flecken. 


31 


Februar 


26-6064 


111-83 


173-0 


165-19 


22-44 


- 13-80 


Einzelner kleiner Fleck. 








84-84 


343-2 


152-60 


9-85 


- 12-03 


Behofter Fleck mit doppel- 
tem Kerne. M&rz 1 
verschwunden. 













Rotationsperiodc 


i286. 


34 


Marz 


6-4926 


63-6 


828 


122-2 


226-6 


- 0-7 




99 


7-4860 


62-1 


707 


135-2 


224-4 


_ 1-3 




>9 


11-6066 


289-6 


167 


192-8 


224-5 


_ 0-5 




9> 


12-6307 


263-3 


364 


207-6 


224-6 


_ 0-2 




91 


13-4903 


256-9 


640 


221-4 


224-9 


_ 0-1 




>9 


15-4786 


249-6 


829 


249-0 


224-1 


0-0 




99 


16-4767 


247-7 


912 


262-1 


223-0 


+ 0-1 




Marz 


12-2085 








224-43 
+ 0-557 


- 0-36 
+ 0-674 


36 


M&rz 


11-4987 


230-0 


511 


217-6 


249-6 


-14-3 




99 


12-5359 


2330 


688 


232-7 


249-8 


-14-0 




M 


13-4903 


233-6 


813 


246-1 


249-6 


-14-0 




Mto 


12-6083 








249-6 


-14-1 


39 


Marz 


11-4987 


82-9 


940 


106-5 


138-3 


-17-8 




99 


12-6307 


82-8 


870 


121-7 


138-8 


-18-2 




» 


13-4903 


83-6 


767 


135-2 


138-7 


-18-3 




99 


15-4785 


90-2 


468 


162-5 


137-6 


-17-8 




99 


16-4757 


1030 


302 


176-0 


136-8 


-17-6 




99 


17-4868 


145-7 


182 


190-2 


136-6 


-17-6 




99 


18-4966 


200-7 


243 


203-8 


136-0 


— 16-8 




Marz 


16-0660 


, 






137-54 
+ 0-387 


-17-71 
+ 0-498 


43 


Marz 


26-6120 


78-0 


236 


187-0 


4-7 


_ 9-7 




J} 


29-4868 


236-7 


408 


229-1 


4-4 


_ 93 




» 


31-4636 


237-3 


740 


256-7 


3-8 


- 9-0 




April 


1-4709 


236-9 


854 


270-3 


3-0 


- 9-1 




M&rs 


29-9831 








4-0 


_ 9-3 



Regelmassiger, behofter 
^ Fleck. 



£=14M19 {o= 14^-346 
A6 = + 0-159. 

I Behofter FleckimWesten 
f der Gruppe. 



Hauptfleck einer sich 
auflosenden Gruppe. 



£ = 13°-870 {o«14°-071 






Behofter Fleck mit l&ng- 
t lichem Kerne. 













BotatioDsperiode 


286. 




49 


April 


1-4.09 


61-9 


923 


132-5 


226-2 


+ 0-2 


) 




99 


2-4836 


69-8 


838 


147-4 


225-6 


+ 0-4 


(Regelmasmger, behofter 




99 


5-4826 


450 


360 


190-1 


225-5 


+ 1-3 


( Fleck. 




9) 


6-6294 


18-7 


171 


204-7 


225-2 


+ 1-4 


) 




April 


3-9916 








226-4 


+ 0-8 
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Beohachtungen von Sonnenflecken. 



Gruppe. 


M. Z. O'Gyalla (bttrg.) 


p 


p 


/ 


L 


b 




57 


April 


20-4793 


228'-49 


712" -7 


273''-62 


95<'-12 


- 16»-15 


Grosser Fleck im W der 
Gruppe. 

Qroaser Fleck im der 
Gruppe. 




» 


22-4888 


228-49 


870-6 


293-82 


86-64 


_ 16-70 




99 


23-4819 


228-39 


926-5 


306-62 


84-26 


_ 17-04 


58 


April 


20-4793 


192-46 


463-7 


244-67 


68-17 


- 26-64 


Einxelner Kem des -vest- 
lichen Fleckee. 




>f 


22-4888 


213-53 


681-2 


269-98 


62-80 


— 2618 








23-4819 


217-37 


794-3 


283-33 


61-97 


- 26-39 


Hauptiieck der Gruppe, 




99 


216-34 


813-6 


285-50 


64-14 


- 26-58 


dessen Kem sich am 






24-4798 


219-59 


879-6 


296-61 


61-03 


_ 2611 


22. in >wei EWioke 




M 


218-34 


893-4 


299-14 


63-56 


- 26-49 


spaltete. 




>y 


25-4860^ 


220-20 


931-9 


309-64 


69-62 


- 26-22 


. 




April 


23-9839 








61-36 
+ 0-173 


- 26-23 
+ 0119 


{ = 13°-2l86{, = 13''-789. 




April 


23-4819 
24-4798 


211-64 
214-36 


783-6 
868-4 


280-76 
294-03 


69-39 
68-27 


_ 29-69 
— 29-66 


[ Fleck im 0. der Oi:(q>pe. 




April 


23-9804 








68-83 


_ 29-63 


. 


59 


April 

19 


20-4793 
22-4888 


218-66 
236-36 


283-0 
643-5 


241-43 
269-79 


62-91 
62-61 


- 12-11 

- 11-80 


t Kleiner sich aufosender 
f Fleck. 




99 


23-4819 


233-62 


782-6 


283-88 


62-47 


_ 11-89 




April 


22-4833 








62-66 


- 11-93 




60 


April 


20-4793 


31-78 


4680 


200-81 


22-31 


+ 10-88 






yy 


22-4888 


326-95 


266-6 


230-04 


22-86 


+ 11-28 






•9 


23-4819 
24-4788 


290-66 
274-64 


369-7 
529-8 


244-61 
25900 


23-16 
23-24 


+ 11-67 
+ 11-99 


■ Befaofter Fleck. 




i> 


26-4860 


267-06 


685-4 


273-46 


23-64 


+ 12-37 






M 


26-4867 


263-01 


810-3 


287-51 


23-31 


+ 12-65 






April 


23-8166 








23-07 
+ 0-164 


+ 11-81 
+ 0-074 


{=14°-4488£,= 14''-223. 
Aft = + 0°-306. 


61 


April 


20-4793 


74-90 


621-3 


184-98 


6-48 


_ 10-48 






»> 


22-4888 


84-96 


244-8 


213-44 


6-26 


- 9-66 






» 


23-4819 


142-24 


82-6 


227-90 


6-08 


- 9-69 






99 


24-4788 


221-36 


210-4 


241-30 


5-64 


- 9-49 






99 


26-4860 


232-68 


406-9 


255-35 


5-43 


- 9-37 






99 


26-4867 


236-78 


586-3 


269-25 


5-05 


— 9-23 






April 


23-8166 








6-81 
+ 0-139 


- 9-64 
+ 0-164 


{=14°-0197{,= 14''-264. 
Aft -= + 0°-191. 



Durch eine langere Abwesenheit meinerseits wurde leider eine von Anfang Marz 
bifi Mitte April reichende Unterbrechung der regelmassigen Beobachtungen 
herbeigefiilirt. Von den wahrend dieser Zeit verzeichneten Flecken habe ich nur 
diejenigen haufiger beobachteten mitgetheilt, die auch bei einer friiheren oder 
Bpateren Erscheinung beobachtet sind. BezUglich der Bezeichnungen gilt das auf 
Seite 90 angegebene. 

Db. H. KoBOhDj Observator. 

0'%«lks 18a2, Jtmi IL 



Chart of Stars in die neighbourhood of Schmidt's ITova Cygni. 1878 
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A NEW DETERMINATION OF THE CONSTANT OF PRECESSION. 

By J. L. E. DREYER, Ph.D. 

When we consider how many theoretical and practical investiejations the develop- 
ment of Astronomy has called forth during the present century, it cannot but seem 
remarkable^ how few researches we find the object of which is an exact 
determination of the constant of Precession. From the time of Copernicus until 
the beginning of this century the knowledge of the value of this important constant 
advanced very little until Pip^zzi produced a fairly exact determination of it. Not 
counting theoretical researches on the subject such as those of Laplace, Leverrier, 
Lehmann, and Stockwell, which possess great interest in themselves but cannot as 
regards accuracy compare with those deduced from observations, we have in reality 
only three determinations of the constant of Precession, those of Bessel„ Struve and 
Nyr^n. Of these only the two first have come into practical use, while the last 
shows a remarkable deviation from them. As it is no doubt universally 
acknowledged that we are yet far from knowing the value of the constant with 
BuflBcient accuracy, the reason why no recent researches in this direction have been 
made, is probably to be sought in the expectation that we shall at no distant future 
possess better materials for the purpose. I shall however in the following endeavour 
to show that we possess at the present moment materials enough for deducing a 
value of the constant, which at least may act as a confirmation of one or other of 
the older constants. 

Before proceeding to describe the way in which I have found a new value it will 
not be useless to recall to the reader's mind the methods and materials used by 
Bessel, Struve and Nyr^n. 

Bessel's investigation appeared first in his " Fundamenta Astronomiae," p. 285, 
and is founded on a comparison in RA. of 2278 stars and in Declination of 2429 
stars occurring both in Piazzi's Catalogue for 1800 and in the Catalogue for 1755 
from Bradley's observations. This comparison gave for the epoch 1777*5 values of 
the well-known constants m and n. The latter constant is independent of constant 
errors in the two catalogues, while m depends on the absolute Right Ascensions. 
For this reason Bessel some years later returned to the question (Astr. Naehr, 
No. 92), as both the Konigsberg Catalogues for 1815 and 1825 and Lindenau's new 
determination of the constant of Nutation showed the need of a positive correction 
to Piazzi's Right Ascensions. It appears that Piazzi founded his determination of 
the Equinox on observations made in the years 1803 to 1805 when the Nutation 
was very near its positive maximum, and accordingly his Right Ascensions became 
too small, the constant of Nutation used by him being too large. In the same 
manner Bradley's Right Ascensions turned out too large. The corrections to 
Bradley and Piazzi found by Bessel were respectively — 0''*5 and + 1'''585. The 
rectified values of m and n for 17775 compared with Laplace's Theory gave two 
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136 JJetermination of the Constant of Precession. 

values of the correction to the theoretical Lunisolar Precession, which were brought 
to equality by increasing m and decreasing n by equal amounts. BesseFs final 
result for the constant of General Precession^ reduced to 1800 is — 

50"-2235. 

This result is founded on an investigation entirely free from arbitrary assumptions, 
and not until after the publication of Dr. Auwers' new reduction of Bradley's 
observations (and possibly not even then) will it be practicable to deduce a sensibly 
different result from a renewed discussion of the same materials if we except the 
modification which a new determination of the equinoxes of 1755 and 1800 will 
introduce, to which matter we shall return later on. We have certainly since 1826 
(when BesseVs paper appeared) got a new and better determination of the constant 
of Nutation by C. A. F. Peters, but this would not influence the Bight Ascensions 
much, those of Bradley only requiring a correction of— 0'''3 instead of— 0"*5, 
while Bessel's correction to Piazzi would be diminished by about 0""33. It may 
also be mentioned here that Bessel's constant has met with a confirmation by 
Madler, who finds as a mean of 2193 Proper motions of Stars between + SO"" 
Declination - 0''*0003, while the mean should have been Zero if Bessel's m had 
been absolutely correct.* As Madler s investigation is quite independent of his or 
any other hypothesis about the construction of the Sidereal System, this confirmation 
of Bessel's result would no doubt be of great importance ; but as remarked by 
Chauvenett it cannot be considered as certain that the sum of all the Proper 
Motions ought to be Zero, as the unequal distance of the stars from us wiU affect 
the apparent amount of Proper Motion differently in different parts of the heavens. 

Otto Struve's " Bestimmung der Constante der Praecession mit Beriicksichtigung 
der eigenen Bewegung des Sonnensy stems " appeared in 1842 in the M^moires de 
TAcad^mie Imp^riale de St. P^tersbourg. For this determination were used the 
positions of exactly 400 stars observed in Dorpat between 1822 and 1838 and 
occurring in Bradley's Catalogue. The Eight Ascensions of the latter were 
corrected by — 0'''31 owing to PetersVconstant of Nutation being adopted. Except 
32 Standard Stars, 32 Stars observed in Dorpat to determine the Mean Refraction 
and 39 other stars, all the rest were Double Stars. We need not here describe in 
detail Struve's discussion of the accuracy of the Dorpat Obsei-vations, but the way 
he utilized the material for determining the constant of Precession deserves special 
consideration, as Struve alone has taken into account the motion of the Solar 
System through space. It is clear that this is not necessary if a sufficient number 
of stars is employed to justify us in supposing them uniformly distributed over the 
24 hours of Bight Ascension, as the influence on the R A. in a certain part of the 
heavens would be counteracted by the influence exercised in the region diametrically 
opposite. As regards the Declinations a uniform distribution in zones of north and 
south Declination would be necessary. Such a distribution could of course not be 

• Beobacbtnugen d. KaSs. Univ. Stornwarte zu Dorpat, XIV., p. 11. f Spherical and Practical Aatronomy, ith Ed., VoL L, p. 707, 
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expected in the case of a small number of stars, and Struve was therefore obliged to 
pay special attention to the motion of the Solar System. 

Supposing the direction of this motion known and that all the stars employed are 
at an equal distance from us, and if we denote by q the amount of this motion in 
70 years as seen from a stai- 90° from the Apex of the Solar System (A, D), it is 
easy to express the apparent motion of a star by — 

(f o = — q COS D sin (A — a) sec I == B^^. 

J5 . p, / 5 sin ^ cos (A — o) \ ^ 
(fa = - y sin D ^ cos5 ^^^^ -^ j = C^. 

If we call the diflference found by comparing the two catalogues of Stars in R. A. 
g and in Decl. g'y each star gives two equations of the form — 

K'Air -f Uq = gr' 

where Air is 70 times the sought correction to the general precession for 1 790. 

The quantities K and K' are proportional to P and P', the Precession of each 
star in R. A. and Decl. during the interval between the epochs of the two catalogues. 
Struve introduces the quantities m and w into the equations and multiplies the 
equations for R. A. with cos 8 in order not to give undue weight to stars of high 
declination. The equations are then — 

P cos I 



70m 



Aw + L cos hq =i g cos 3. 



The co-efficients L and L! have now to be determined, as they cannot be put 
equal to B and C, which amounts to assuming all the stars to be at the same 
distance from us. 

So far there is in Struve's proceeding nothing arbitrary, but this can hardly be 
said of the rest of the investigation. First the mean proper motions in a great 
circle are determined for each class of magnitude, and these motions are supposed to 
be inversely proportional to the mean distances of the stars of each class. These 
mean distances were determined by W. Struve from an examination of the 
distribution of the stars in Harding's Atlas, and by means of them the Proper 
Motion of one class is reduced to that of another. In doing this Struve adopts the 
motion of stars of the 6th magnitude as origin as being founded on the greatest 
number of stars. The agreement between observation and calculation is not very 
satisfactory, as the following table shows — 





Magn. 


Mean Dist 


Observed PM. 


Computed PM. 




1 


1-00 


36"-l 


43"-2 




2 


1-71 


10-9 


25-3 




3 


2-57 


11-0 


16-8 




4 


3-76 


8-4 


11-5 




6 


6-44 


6-7 


8-0 




6 


7-86 


6-5 


6-6 




7 


11-34 


4-6 


3-8 
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Calling the mean distance of a star of a certain class E and multiplying the 
co-efficient by 7 to avoid small fractions, Struve^s equations become — 

F 70 , , 

Struve gives the equations for the single stars different weights (the brighter 
less, the fainter greater) according to two different systems depending on the 
adopted value of the accidental error of the absolute Proper Motions, but the 
results according to the two systems of weights do not differ much. Finally the 
Right Ascensions gave Air = + l''-16 ± 0"-67 and the Declinations + 0'''66 + 0''-86, 
adopted mean = + 0"'97 + 0''-53. The general Precession for 1790 is — 

50"-23492 + 0"-00767 

while BesseFs value for the same epoch is 60'' '22 106. In his paper on the constant 
of Nutation Peters combines Struve's values of m and n with his own determination 
of the obliquity of the Ecliptic and of the planetary precession and finds for 
1800 + t— 

Prec. Gen. = 50"-2411 + 0"0002268 <, 

which value, as already mentioned, has come into very general use. 

Although it cannot be denied that Struve's investigation is canried out with 
great ability, it appears that the result can scarcely claim more confidence than 
Bessel's. First it should be remembered that for an exact determination of the 
constant of Precession two sets of data are required, viz., two well-founded 
Equinoxes and a number of stars observed near both their epochs. The greater 
the number of stars used, the more probable it is that accidental errors of 
observation and unknown or imperfectly determined Proper Motions will become 
eliminated from the result. Even if the Solar System had no motion whatever it 
seems undesirable to use so small a number of stars as 400, and if one were anxious 
to use a small number, the brightest stars ought at any rate to be excluded, as the 
condition of uniform distribution cannot possibly be fulfilled as far as they are 
concerned. Another objection is, that about three-fourths of Struve's stars were 
Double Stars among which are many binaries. Until some observer of Double 
Stars has commenced from time to time to obsei^ve the relative positions of the 
principal components of binaries and neighbouring stars, it seems in no way proved 
that the motion of those components around the centre of gravity of the system 
does not sensibly affect their absolute places in the heavens. Considering in how 
many cases of binaries the two components are only slightly different in brightness, 
it seems very improbable that the change of place of the principal star should be 
insensible when that of the companion is so easily seen. Such motions will hardly 
ever be detected by meridian observations as they are not progressive and are 
therefore more easily mixed up with errors of observation, systematic deviations 
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between catalogues &c., but there seems little likelihood that they should not in the 
course of seventy years have some influence (though possibly but a slight one) on 
the amount of Precession derived from a small number of stars, chiefly double. 

As regards the influence of the motion of the Solar System through space, 
Struve's result depends to a considerable extent on the adopted relative distances 
of the stars of the first seven classes, and the hypotheses on which these are founded, 
appear to be very uncertain. These are, the supposition of the brightness of the 
stars as generally being a function of their distance, and secondly the hypothesis of 
uniform distribution of the stars within the system of the Milky Way, so that a 
conclusion can be drawn from the number of stars of equal brightness as to their 
relative mean distance. With the first hypothesis the few tolerably well-determined 
annual parallaxes seem to disagree, as hardly one of them belongs to a very bright 
atar (with the one doubtftil exception of a Centauri), although of course it is likely 
enough that the majority of bright stars are nearer to us than the majority of faint 
ones. As to the second hypothesis, it is only necessary to remember the very 
irregular construction of the Milky Way, the undoubted want of resolvability of 
some parts of it {e,g. in Cygnus) and the large number of Globular Clusters in or close 
to the Milky Way, especially in the hours 17 and 18 of RA. These and other 
circumstances which it will not be necessary^ to enter into here, make Struve's 
hypotheses rather doubtful. 

The method adopted by Struve therefore does not appear to be the best for the 
determination of so very important a constant as that of Precession, and further 
researches on the subject seem to be most desirable. We shall now shortly 
consider an investigation by Dr. Magnus Nyr^n published at Upsala in 1869 and 
entitled ''Forsok til bestamning af Precessionskonstanten medelst Ijussvaga 
stjarnor."* 

As the title indicates, this investigation differs from the two already considered 
by employing much fainter stars, chiefly of the 7th, 8th and 9th magnitudes. 
Stars of these classes are so numerous, that errors of observation, physical proper 
motions and the influence of the motion of the Solar System may be supposed to 
be eliminated with even greater probability than in the case of Bradley's and 
Piazzi's 2400 stars. Provided the observations are good, it will not be of any 
consequence that the majority of the stars employed have generally only been 
observed once by each observer. The method first followed by Nyr^n is therefore 
perfectly legitimate. The catalogues used by him are Weisse's and Schjellerup's 
Catalogues of Stars between +15° Declination. Bessel's Observations from which 
the mean positions for 1825*0 in the first-mentioned catalogue were deduced, were 
made between August 21, 1821 and February 12, 1825, while Schjellerup's 
observations were made between September 7, 1861 and December 6, 1863, so that 

* Also in French (Determination du coefficient constant de la precession an moyen d'^toiles de faible ^clat) in M^langea 
mathematiqnes et astronomiques, Vol. IV., p. 590 et seq. 
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the interval between the two epochs was very nearly forty years. The two 
catalogues have about 5300 stars in common, and Weisse's positions for these 
were reduced from 1825 to 1865 by the mean of the precessions given in the two 
catalogues. Great care was taken to free Bessel's observations from the systematic 
errors, whose existence in many zones were revealed through the comparison with 
Schjellerup. Although the investigation comprised about 250 zones and the 
x\uthor might perhaps have been justified in supposing that such constant errors 
would have been eliminated, Nyr^n endeavoured to clear Bessel's observations of 
them by comparisons with Struve's " Positiones Mediaa " and the Armagh Catalogue. 
The mean epoch of the Dorpat observations is about 18 30 '7 or about seven years 
later than BesseFs epoch^ but this was taken into account afterwards in fixing the 
interval between Bessel's and Schjellerup's epochs as 36*0 years. As Robinson's 
epoch is considerably later, Nyr^n only made use of stars from the Armagh 
Catalogue which also occur in Bradley, and for which the sum of Precession and 
Proper Motion is well known. The differences Weisse — Struve and Weisse 
— Robinson generally agreed very well and thus guaranteed the reliability of the 
corrections deduced. For each zone the mean was taken of all the correction- 
differences belonging to it, and this was applied as a correction to the zone. Where 
a zone did not contain a sufficient number of correction- stars it was compared with 
other zones which had already been corrected, and in all cases the difference 
between the Fundamental Systems, on which the various catalogues were founded, 
was taken into account by applying Argelander's reductions to Wolfers. Nyren*s 
paper contains a complete list of all the corrections to Bessel's zones thus determined, 
and after applying them the agreement with Schjellerup becomes much closer. 
No account was taken of the Proper Motions, and only in a few cases, where the 
difference between Bessel and Schjellerup amounted to one or more seconds of time, 
was an examination made by means of other authorities to see if either of the two 
observers had committed an error of one or more seconds. It can hardly be 
considered quite correct that no attention was paid to the Proper Motions, for 
though the apparent motions arising from the motion of the Solar System become 
eliminated by the regular distribution of the stars employed, this can of course 
only more or less approximately be the case with the real, physical Proper Motions, 
the less so as many of these have a common direction (star-drifb) for great numbers 
of neighbouring stars. But as Nyr^n has used more than 5000 stars, the effect of 
this omission can scarcely be of much importance. 

By giving all the means obtained for each hour equal weight Nyr^n finds : — 

Schj. — Weisse = — 0-1348 + 0"-0056. 

As regards the Equinoxes, Nyr^n refers Weisse's positions to Wolfers by adding 
the difference B. — W. = + 0*014 given by Argelander, while he has himself 
determined an Equinox for Schjellerup, whose epoch is too far removed from 
Wolfei-s. The Copenhagen Observations were founded on the positions of 
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Fundamental Stars between +15° occuiring in the Nautical Almanac for the years 
1861-63. These Nyr^n compares with the Greenwich Seven-Year- Catalogue, with 
the several annual volumes of Greenwich Observations and with the Paris 
Observations of 1856-59. He finds the correction to Schjellerup equal to + 0*'0259 
and consequently the final result — 

Schj. — Weisse = — 0'0949. 

Considering this as arising from error in the value of m adopted (the mean of 
Struve's and Bessel's values) and putting the interval between Schjellerup and 
Bessel equal to 36 years only (on account of the Dorpat Observations having been 
used as a control), Am becomes = — 0''*0394. By means of the data given by 
C. A. F. Peters for the planetary precession Nyr^n finds the General Precession 
for 1800— 

50^-1882. 

This result is very diflferent from Bessel's and Struve's, and the diflference is 
evidently far too great to be ascribed to want of accuracy in the observations 
employed. Both on account of the interest attached to the matter and also 
because it is of importance for the new determination which I shall communicate 
below, we shall now consider whether constant errors in either of the two 
catalogues are likely to be the cause of the unexpected result. 

Nyr^n has compared Schjellerup with about 100 stars observed in Washington 
in the years 1862-63. After allowing for the different standards he finds — 

Wash. - Schj. = + 0--033. 

He has also by means of Bessel's constant and the Proper Motions found by 
comparing Bradley and Robinson derived from 184 Stars — 

Armagh _ Schj. = — C-Qll, 

while the reductions of the two Fundamental Catalogues to Wolfers are about equal, 
so that the difference should have been zero. In order to try whether a different 
estimation of the transits of fainter and brighter stars can have anything to do with 
the matter, Nyr^n lastly separates the corrected diflferences Schj. — W. within 
eight hours symmetrically situated into two classes, one containing stars not fainter 
than the eighth magnitude, the other comprising the remainder. In this way 
however no indication of any difference depending on magnitude was found. 

Since the publication of Nyr^n's paper, several circumstances bearing on this 
question have come to light.* First it should be mentioned that the good 
agreement between the Right Ascensions of Schjellerup and those of Copeland and 
Borgen (in the Gottingen Catalogue of Stars in the Zones — 0"" and — l"") makes it 
extremely improbable that there should be any constant errors in SchjeUerup's 

* In a paper '* On personal Errors " (Proc. R. Irish Acad. 1876, p. 518), I have described a fruitless eflfort made by me in 
1874 to detect the existence of a personal error dependiug on magnitude in Bessel's and Schjellemp's original observations. 
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results. The Gottiugen zones were also founded on the Nautical Almanac, and 
from about 600 stars the difference was — 

C. and B. - Schj. = - 0--006. 

That Bessel's personal error was not sensibly different for bright and faint stars 
can also be proved. In Vol. VII. of the " Vierteljahrsschrift der astr. Gesellschaft " 
Argelander in a review of Santini's fifth catalogue (0° to — 3"*) has communicated 
some interesting facts. This catalogue is deduced from observations made by 
Trettenero exactly at the same time at which Schjellerup observed his zones, and 
they are also founded on the Nautical Almanac. The following difference was 
found — 

Schj. — Si.. = + C-OQG 

and after correcting for difierence of equinox — 

Weisse — Si.. = + 0'-135. 

Argelander was hereby induced to examine Bessel's positions in Weisse's first 
catalogue and Struve's " Positiones Medise " after excluding those double stars of 
which different components had been observed. 627 stars gave — 

Stnive — Bessel = — 0'-0431. 

As Struve's " Correctiones Ultimae " are included in this and his reduction to 

Wolfers in consequence is Zero, while Bessel's reduction is — 0"'0124, Argelander 

finds — 

BeBsel's Fund. Cat. — Bessers Zones = — C-OSO? + 0'0064. 

In order to meet the possible objection that observations of double stars are so 
different from those of ordinary stars, that a foreign element may be introduced 
thereby, Argelander has next left them out and found from 244 single stars or 
stars observed as single — 

- 0-0295 + 0'0103. 

From this it seems that it may safely be concluded that although Bessel's 
personal error in other respects and chiefly for its large amount, was very remarkable, 
it was not a function of the brightness of the stars observed. 

This question of the different influence of personality on transits of faint and 
bright stars has of late attracted a good deal of attention. Argelander has examined 
a number of his observations of variable stars and found that he (with eye and ear) 
observed stars down to 9*1 mag. in the same way, but stars of 9-2 and still more 
those of 9 '3 mag. slightly earlier. For stars below the 9*3 mag. the accidental 
errors became too prominent to allow a personal error to be distinguished.* A 
difference with the same sign appeared through the above-mentioned comparison 
of Trettenero with Schjellerup and Bessel. t As the change of personal error 
however in this case takes place per saltum between 7 and 7"5 mag,, some other 

• Astr. Nachr. LXXIV., p. 268. f Vierteljahrsschrift d. astr. GeseUschaft VII., p. 19. 
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anomalous influence must here have been at work. The stars of 6 and 7 mag. in 
the Padua Catalogue are besides so few that their deviation from the very numerous 
fainter ones is possibly accidental. The thorough discussion by Dr. Gill of the 
meridian observations of the Mars comparison stars is of so recent a date that we 
need only mention the result here.* Within the probable limits of errors of 
observation faint and bright stars appear to be observed by eye and ear in the same 
way, while for all the chronograph observations the Right Ascensions of faint 
stars are too great. Although this result is derived from observations made at 
thirteen observatories and therefore entitled to great weight, it is as yet impossible 
to say whether it represents a general law, particularly as later observations made 
at Leyden by three observerst have not shown any difference between the two 
methods of observing, although the results otherwise as to quantity and sign agreed 
with Dr. Gill's. 

Although the possibiUty of a sensibly different estimation of transits of faint 
and bright stars has been proved, such a different estimation appears at any rate 
in eye-and-ear observations to occur very rarely. It seems therefore, when we 
remember the above-mentioned researches by Nyr^n and Argelander, and the 
comparison with the two Gottingen observers, that we shall be perfectly justified in 
concluding, that neither Bessel's nor Schjellerup's Right Ascensions are affected by 
errors depending on magnitude, and that the deviation of Nyr^n's constant of 
Precession from Bessel's and Struve's must have some other cause. 

This other cause must be sought in some error in the equinoxes, as it seems 
most improbable that the stars of the 8th and 9th magnitudes should really have a 
different precession from the brighter ones, or in other words, that the latter should 
have a common rotatory motion in the same direction in which the planets of our 
Solar System move. But it is not difficult to see, that Nyr^n's Equinox of 1862, 
as derived through an improvement of the Nautical Almanac System by means of 
Greenwich Observations, can scarcely be free from constant error, as the N. A. 
positions depend almost entirely on observations made at Greenwich, so that Nyr^n 
in reaUty has only corrected Greenwich by means of Greenwich. It has been 
shown by NewcombJ that in such a way systematic errors can only be sensibly 
diminished in the course of a great many years. But a later investigation by 
Nyr^n, " Das Aequinoctium fiir 1865,"§ makes the case perfectly clear. It is there 
shown that the Greenwich observations of the Sun require a very considerable 
positive correction to make them agree with observations made at Pulkova, 
Edinburgh, Cambridge, Paris and Washington, and it must be due to the chapter 
of accidents, that the Paris results for the years 1856-59 agreed fairly well with 
those at Greenwich. One sees at once that this positive correction will reduce the 
great difference Schj. — Weisse to a small quantity and thus bring Nyr^n's constant 

• Memoirs R.A.S. XLVL, pp. 7^79. f Vierteljahnschiit XIV., p. 418. 

X Poritions of FnndAmental Stan (Washington Obsi^ryations 1867, App. III). § M^moires de TAcad^^mie de St. P^tersbourg, 1876. 
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neax to Bessel's and Struve'a Though Nyr^n seemfl to have seen this himself, he 
has not examined the case further. 

The series of 29 absolute Eight Ascensions to be found in Newcomb's paper, 
'* On the Right Ascensions of the Equatoreal Fundamental Stars and the Corrections 
necessary to reduce the Bight Ascensions of different Cacalogues to a mean 
homogeneous System " must be considered free from systematic errors, as it rests on 
a very thorough discussion of all the Fundamental catalogues from Bradley down 
to our time. The corrections to various Star-Catalogues deduced by Newcomb 
contain both the corrections for equinox and the terms depending on B.A. and 
Declination. It seems therefore hkely that star-positions to which these 
corrections have been applied, really become referred to *^ a mean homogeneous 
system " or at least to a system closely bordering on such. 

The application of this system to the subject which occupies us here is made by 
Newcomb in a note, " Beduction of the Constants of Precession found by Bessel, 
Struve and Nyr^n, to a common Equinox ''* and is very simple. 

We have already seen that Bessel corrected the " Fundamenta " by — 0''*50 and 
Piazzi by + 1'''585. As the reductions of these two catalogues to Newcomb are 
respectively — 0'''15 and + 1"*50, Bessel's Precession in 45 years has to be 
corrected by - 0"*08 - 0"-35 = - 0''-43 and in 100 years by - 0''-96. 

The Dorpat B.A.'s are corrected by Newcomb by — 0''-63. As Struve has 
added — 0"*31 and — 0"-42 to the Fundamenta and Dorpat, his result for the 70 
years' Precession gets the correction — 

(+ 0"-42 - 0"-63) - (0"-31 - 0"-15) = - 0"-37 
and the 100 years' Precession - 0''-53. 

As regards Nyr^n the correction to Bessel's first equinox is — 0*'037, while 
Nyr^n corrected Weisse by — 0*'014, consequently the correction to Nyr^n's earlier 
epoch is — 0"023. Schjellerup (as we have seen) was corrected by + 0*'026, while 
Newcomb found (by 20 Nautical Almanac Stars between + 15°) + 0"073, the 
second epoch therefore gets the correction + 0;'047. The difference Schj. — Weisse 
= — 0''095 is thus reduced to — "'025, and Nyr^n's Precession in B.A. in 36 years 
has to be increased by 0**070 = 1'''05. This annual general Precession therefore 
becomes increased by ^ • l"-05 sea 23° 28' - 0''-0318. 

Strictly speaking Newcomb's corrections to Bessel's and Struve's results should 
be applied to their values of the constant m, while the constants of Precession 
deduced by these two astronomers depend both on B.A. and Declination. However, 
as remarked by Newcomb, it will be very near the truth to consider the corrections 
given as applicable to their general Precessions. We have thus for 1800 — 



Bessel . . . 


. 50"-214 


Struve . . . 


. 50-232 


Struve-Peters . 


. 60236 


Nyi^ . . . 


. 50-220 



♦ Vierteljahrsschrift XIII., pp. 107-lia 
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From the above it will be evident, that we are still far from possessing a perfectly 
satisfactory knowledge of the true value of the Constant of Precession. It needs 
therefore no further explanation why I shall endeavour in the following to effect a 
new determination of this quantity, but it will be necessary to set forth my reasons 
for founding this determination on Lalande's and Schjellerup's observations. 

As already mentioned we require for such a determination two collections of star- 
positions sufficiently accurate and which can be referred to well established 
Equinoxes. In order to make errors in the latter as harmless as possible, it is 
necessary to select two epochs as far apart as possible. Just at present one would 
scarcely be justified in using Bessel's Bradley, as we may expect at any moment to 
see Auwers' new reduction, published, in which the Equinox of 1755 is probably 
better determined. After Bradley there are however no suitable materials until 
we reach the last ten years of the 18th century, for (as remarked by Bessel), 
although the work was being continued in Greenwich, the spirit of Bradley was 
gone. I did not consider it desirable to use star catalogues from the earlier years 
of the present century, particularly as Bessel's Zones have already been used and 
I should only have had to choose between a few Fundamental Catalogues, which I 
wished especially to avoid using on account of their small number of stars not too 
different in brightness. There was however a very rich collection of observations 
of fixed stars left, which as to accuracy can almost compare with the very best 
modern ones and which in every respect are at least fully as suited to the purpose 
as Bessel's Zones. I allude to the observations made at the Observatory of the 
ificole Militaire and published in Lalande's "Histoire Celeste,"* 

To nearly aU the 50,000 positions contained in this work corresponding ones can 
be found in modern catalogues. Of the latter none appeared to me in fulness, 
accuracy and uniform distribution of the stars over the heavens to compare with 
Schjellerup's Catalogue of Stars. This has about 3,300 stars in common with 
Lalande, among which are several hundred which by one or both of the observers 
were observed twice or oftener. Being fairly equally distributed with respect 
to the equator and in R.A. and deduced from observations as accurate as any 
we possess, this great number of star-positions might be expected to give a value 
of the Constant of Precession which as to weight might compare not unfavourably 
with those already published. The interval of time between the two epochs of 
observation is also favourable, being 66 years. Those of Lalande's observations 
which refer to the equatoreal belt, were made between November 7, 1793 and 
January 8, 1801, the greater part however in the years 1793-98, while Schjellerup's 
observations, as already stated, comprise the time from September 7, 1861, to 
December 6, 1863. It seemed advisable only to use the Bight Ascensions, as the 
foundation of these appeared more secure than that of the declinations. 

* For hiBtorical acoonnU of this series of observations see the introductions to Bailj*s Catalogue and Qo«ld*s Reduction of 
d*Agelet*s observations. 
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That Baily's Catalogue could not be used^ I knew of course beforehand, as it is 
computed from the tables of Hansen and Nissen (published in 1825 by Schumacher) 
which depend too much on Lalande's own statements as to the auxiliary quantities 
necessary for the reduction. The excellence of the new tables of reduction 
computed by the late von Asten became very apparent through their extensive use, 
which the reduction of about 3600 Right Ascensions by their aid entailed The 
constant comparison with Baily showed also how absolutely necessary the new 
reduction was, as deviations of 0**4 from the new R. A.'s were by no means scarce, 
while the new single results for a star observed several times almost always agreed 
much better inter se than was the case with Baily's. It is very evident that Baily's 
catalogue can now only be used as a mere Index to the stars observed by 
Lalande. 

It is scarcely necessary to mention that I have carefully taken into account the 
extensive list of corrections to the Histoire Celeste, communicated by Argelander 
in Vol. VII. of the Bonn Observations. Wherever a star had been observed 
more than once, I nearly always took the mean of the single results, and only in a 
few cases where one of these differed considerably from the others and as resting on 
a single wire-transit might be supposed to have less weight, I have left it out. 
Otherwise I have not attempted to give the single stars different weight according 
to whether they were observed once or twice, over one or more wires A:c. By far 
the greater part of the stars were only observed once, and, as remarked by 
Argelander, the circumstance that many transits are only given in round seconds 
without fractions, does not prove anything with regard to the accuracy, as the 
nought-decimal has been added or left out perfectly at random. Nor did it seem 
of any use to give a R. A. depending on two or three wires greater weight than one 
depending on a single wire, especially as the large number of stars made it more 
than probable that the final result would not be sensibly affected by such 
weighting. 

Havmg computed the Mean Right Ascensions for ISOO'O (during which part of 
the work I was ably assisted by Mr. H. J. Carpenter) I next proceeded to reduce 
them all to Schjellerup's epoch 1 865*0. As von Asten in preparing his tables had 
made use of Bessel's Constant of Precession, while Schjellerup had used Struve*s, I 
thought it most correct to adopt the mean of the two constants, as both would 
enter into the final result whether I employed one or the other. By computing a 
large number of Precessions for 1800 I found that Baily had used Bessel's constant 
and that the Precessions in his catalogue were suflBciently accurate. I therefore 
made use of these except in cases where Argelander's corrections to the Histoire 
Celeste altered the positions of the stars suflBciently to aflfect the third decimal of 
Precession. In all such cases I recomputed the Precession for 1800 with Bessel's 
value. The means of these and Schjellerup's Precessions were next taken (whereby 
the secular variation was taken into account in a simple manner), and an eye was 
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kept on the difference between these Precessions, so that errors in the third decimal 
can scarcely have escaped me in more than a very few cases. A constant control 
was also kept by means of the Precessions in the Catalogues belonging to the 
Berliner Akademische Stemkarten and in Weisse's Catalogue, and both the 
Precession for 1800 and that for 1865 were recomputed wherever any doubt 
appeared. 

The Right Ascensions for 1865 thus produced were then compared with 
Schjellerup and the differences written out. The latter should strictly speaking 
have been multiplied by cos8, but as all the stars are within + 15° and 
cos 15° = 0'966, a reduction to the Equator could only be of slight importance and 
e.g. only diminish a difference of 0*70 (which occurs very rarely) to 0*'675. As I 
have done away with all larger differences by adding or subtracting 1"'0, wherever 
a comparison with other authorities proved the existence of such an error, or by 
correcting for Proper Motion, I considered the omission of this reduction justifiable. 
Besides, stars of higher dechnation than 10° only form a small portion of the entire 
number, and the slightly greater weight they get, is of no importance. 

As already mentioned, I have in every case where I could detect Proper Motions 
by comparing with all the catalogues at my disposal,* applied a corresponding 
correction to the difference Schj. — Lai. This might perhaps have been omitted, 
trusting that the effect of the Proper Motions would be eliminated in the vast 
number of stars, but for the reasons alluded to above when speaking of Nyr^n's 
paper, I preferred not to rely on this as far as the larger Proper Motions were 
concerned. J It was impossible to check Lalande's zones in the way Nyr^n controlled 
Bessel's, as there are no contemporary observations to use. Of more modern 
observations W. Struve's '* Positiones Mediae " are the nearest, but their mean epoch 
is about 30 years later than Lalande's. It is besides known from investigations by 
Auwers and von Astent that Lalande's quadrant at the time when his nephew 
observed with it, was free from the deviations from the plane which disfigui-ed it at 
the time of d'Agelet (and probably up to the rebuilding of the Observatory in 1788). 
From this circumstance together with von Asten's great care in constructing the 
tables, we may doubtless conclude that the newly reduced Eight Ascensions for 
1800 are not to any great extent affected by constant errors. 

I give below a list of all the adopted corrections for Proper Motion or errors of 
whole seconds. That there are a number of errors of + 1''0 in Lalande's observations 
can cause no surprise, as they are by no means very scarce in modern observations. 
As to the Proper Motions I must make the reservation that I have by no means 
examined every single star for this purpose, which would have entailed immense 
labour, but all differences (Schj. — Lai.) greater than 0'7 have been examined. In 

* Ucfortunatdy I could not consult the Annales de TObservatoire de Paris, 
t VierteljahrsBchrift 11., p. 7, and Ton Asten's preface, p. III. 

t I have since found that the sum of all the Proper Motions employed is very nearly Zero, so that the final result would 
have been practically the same, even if I had not corrected for P.M. 
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determining the amount of Proper Motion I have not reduced the positions taken 
from other catalogues to a common standard, and the quantities given in the list 
below must only be considered as provisional. I have just commenced observing 
these stars in order to determine definite values of the Proper Motions, but the 
influence of a small number of slight improvements in the adopted values could not 
possibly have any material effect on the result of the present investigation. 

In the following list the corrections to the Histoire Celeste given in Vol. VII. of 
the Bonn Observations are not included. I have also left out a few erroneous . 
identifications in Schjellerup's Catalogue, as they are easily detected (with one or 
two exceptions). I also pass over the improvements in the Precessions. 

The abbreviations are : L. Lalande, S. Schjellerup, B. Besael (ue. Weisse), Si Santdni, Lam. Lamonti 
Aig. Argelander's list of 250 stars with PM, 2 dtruve's Catalogos Novas and Qntt. the Gottingen 
Gatalogua All positions are for 1865. The numbers are Bailj's. 
427 PM = + 0'-023 evident. 

455 B and S agree perfectly. L has to be corrected by -j- 1' (he has only one wire). 
755 Also observed by Riimker. PM == + 0'03 adopted 
865 PM = + 0--031. 

970 B and S agree so well that L certainly requires ~ 1' (only one wire). 
1005 L+ V (one wire). B and S agree. 
1020 PM adopted = + 0-014. 
1251 = Arg 10; PM = + 0-0036. 
1299 PM = + 0'0545 (Madler, A-N. 668). 
1911 S — L = -|- 1**18. I have not found this star elsewhere^ and as L has only one wire (no 

fraction) I have added -f- 1''0. 
1992 PM = + 0-012. L has two observations. 
2160 PM = -. 0-012. L has three observations. 
2308 PM = + 0*016. (Madler.) 
2335 Corr. = + 1' to L ; one wire and no fraction. 
3587 Left out No plausible correction to L. 
2635 = Arg 14, PM « + 0--0227. 
2967 B and S agree well ; L + 1- (one wire). 

2999 S — L = + 1-31. As B, Si, S and Riimker (Neue Folge) agree well, there cannot possibly 
be a PM greater than -f 0-01 at most. I have had to add 1* to L, though he has three 
wires. 
3546 L to be corrected by — 10*. 
3620 PM = — 0-029. 

4050 A strange discordance here : L 33-14, B 35-49, S 34-38. 1 have given L + 1' (one wire). 
4269 = Arg 26, PM = + 0--0233. 
4848 PM = + 0-017 adopted. 

5074 L + 1' (one wire). 

5075 L + 1-, B agrees weU with S. 

5290 PM = + 0-015 adopted. No PM in DecL 

6117 PM « + 0--023 according to B and Gott. 

6136 PM c=: + 0-018 (Madler). 

6167 S has to be corrected by _ 1", as B and L agree. 

6293 L -}- 1", B and S agree exactly (L one wire and no fraction). 

6320 PM = - 0-019 adopted. 

6778 = Arg 42, PM = + 0-0037 used, but aa L has but one wire and B agxees fairly well 

with S, the PM seems doubtful. 

7623 PM = + 0-020 adopted. 
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8215 From L, Rumker and S the PM is » + 0'-018. I have not used B, as he has interchanged 
the two neighbouring stars. L agrees -with DM in putting them sp, nf. S has only 
obsenred one. 

9051 S — L = + l'-44. As B is only 0-3 smaller than 8, I have given L + 1'. Probably 
PM in DecL 

9090 PM = + 0-015 adopted. 

9253 ) 

I "^ ^^^ ^^® ''" ^* ^'^^^ wire), B and S agree. 

9960 PM == + 0'048 adopted. 
11080 PM = + 0--040 adopted. 
11424 PM = + 0015 agrees well with B. 
12018 PM = - 0-021. 

12039 L has to be corrected by + 1' (otherwise S — L = + 1-13). B agrees well with S. 
12283 PM = + 0-020. 
12393 Not in B. L has two accordant wires, and as the Declinations also show trace of PM, J 

have adopted PM in RA = + O^-OIC. 
13872 PM = + 0-015. 

14938 L -f- 1' (one wire and no fraction) ; B and S agree. 

16363 S — L = + 1-30. B agrees closely with S. L + 1» adopted (one wire). 
16953 S — L =3 -|- 1-03. As B is 0-27 larger than S and L has only one wire and no fraction, 

I have given L + 1'. 
18060 According to B and S, L must certainly be corrected by + 1' (one wire). 
18647 S — L = — 1-20. S — B = + 0'-03 ; L must therefore be corrected by — 1' (one wire). 
18713 L to be corrected by -f- 1' (one wire) according to B and S. 
19749 A distant companion to Regulus. In the "Positiones Mediie," p^ OCXIV., Struve proves, 

by comparing his own observations with one by 0. Mayer in 1778, that the two stars are 

relatively immovable. In March, 1882, 1 myself found Aa = 9-55 (L has 9-54 in 1796). 

PM of a Leonis = — O'-Ol 8 adopted. This star was also observed by d'Agelet in 1783. 
19896 L, B, Lam and S all agree well by adopting PM = + O'-OU. 
21000 L has two good wires. Not in B but in Lam. PM == + 0-014. 
21358 L, B, Lam and S give PM = — 0-017. 
21373 L has two accordant wires. Not in B but in Lam. PM = + 0-015» The Declinations 

also indicate PM. 
21455 PM = — 0-021 evident from B and Lam. 
21468 L has two wires. By adding 1" to the first one, they agree much better inter se as also with 

the RA of d* Agelet, B and S. 
21584 = 2 1529. L has observed both components, 2 and Gott the / one, S the p one. From 

this, combined with the Mens. Microm., I find PM =■ — 0-019, 
21640 L — 1' according to Armagh and S. 
21899 = 2 1647. PM = ~ 0-020 (Pos. Med., p. 28). 
21935 S to be increased by 1', as L and B agree. 
22080 PM adopted = — 0''027. 
22312 L has two good observations. Occurs also in B and in Bond's Zone (p. 192). 

PM = — 0'016. 
22341 fi Virginis. PM = + 0-030 (Madler). 
22585 = Arg 113. PM = + 0-'007. 
22662 = Arg 116. PM = - 0'-012. 
22701 = Arg 118. PM = — 0-034. 
22954 t= Arg 120. PM = + 0--007. 

23297 Though L has two accordant wires B and S agree in demanding a correction of + !'• 
23369 S + 1' agrees well with L and B. 
23552 =i 2 1661, PM = - 0'024. 
23866 PM = -. 0'-033 adopted. 
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23890 
23967 
24005 
24168 
24504 
24700 
25146 

25885 
26069 
27093 
28634 

28785 

29070 



29492 
29581 
29617 
30111 
30191 
30694 
31055 
31177 
31741 



31804 
32378 
32422 I 



PM = + 0'-020. 

L must be increased by 1", as B a^grees perfectly with S and the second Armagh Catalogue. 

Both L and B must have — 1' according to Lam, Si, and S. 

= Atg. 127. PM = - 0-057. 

PM = — 0'036. L has only one wire, but B confirms the PM. 

PM = — 0'015 agrees with B. 

S — L s — 0**83. I have not supposed any PM, although Rumker, Lam, S and Odtt do 

not exclude the possibility of a Tery slight PM. 
PM = — 0'025. 

Left out. Error of about 15" in L. 
S + 1' agrees with B and S. 
In his notes S makes PM = — 0*-025. As however L, B (2 obs.) and Gott agree closely, 

S must be corrected by -{- V and there is no PM. 
S — . L = — 0*-89. S confirmed by Gott, but Lam is nearer to L. Not in B. No 

correction applied. 
S — L = — I'-ll, but B is even 0'*19 greater than L, while Si and the second Armagh 

Cat. agree with S. From these and Rumker and Lam, PM = ^ 0**020 +, which was 

adopted. 
L to be corrected by — 6'0. 

= 2 2021. S and 2 have not observed the same component, L must have -\- l\ 
L + l'> ^ B and S agree. 
= h Herculis. PM = — 0-015. 
PM = - 0'031. 
= Arg 181. PM = - 0-047. 
PM = - 0--060. 

Two observations by B and two by S demand L increased by 1*. 
The third wire (not the second one) to be altered by 1'. Thus the RA for 1800 becomes 

17h ;[gm 40»-29. Compare what Argelander says about Michel Lalande's corrections 

(Bonner Beob. VII., p. 169). 
S — 2' (as mentioned in the notes). 
= 2 2202. No PM 3 Michel Lalande's correction not to be used. 



> L + 1* (one wire, no fraction), as B agrees closely with S. 
32717 J 

32715 I^ot observed by S, whose observation belongs to DM + 0°, 3804 (O-^/and 2' n). 
33169 = 2 2272. PM = + 0--0144 (Cat. Aboensis). 
33701 L + 1' (one wire) agrees closely with B and S. 
34118 PM = ^ 0-018. 

34947 L 4- 1', as B and S agree (otherwise S — L = + 1-48). 
35290 Left out, no plausible correction found. 
36908 Si agrees with S, these and B give PM = — 0-015. 
37044 = fi AquiliB, PM = + 0--0155 (Madler). 
37113 PM = + 0-015 (Pos. Med., p. 315). 
37296 S to be corrected by + l'> as L, B and Lam agree. 
38004 L must be corrected by 4* 1' to agree fairly with B and S. 
38100 PM = - 6-024 adopted. 
38139 PM = - 0-024. 

38318 No PM (as supposed by S), as L, Si, Lam, and Yamall agree closely. S to be corrected 
by - 1- 

L -|- 1', as B and S agree. 

S _ 1' agrees well with B and L. 

I The RA's of these two neighbouring stars are both 1' too small B and S agree. 



38534 
38651 
38610 
38625 . 



39773 L to be corrected by + 1' (one wire) to agree with B, Lam and S. 
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39832 S + 1' agrees closely with L, B and Lam. 

39955 PM =: — 0»-Oll (B, Lam, Si). 

40080 B and S agree weU, therefore L -J- !• (one wire). 

40209 = Arg 214, PM = -h 0'0094. 

40217 S — L s=s -f. l^Zby not found elsewhere. As L has two good wires and the declinations 

differ 5'', I have assumed PM =» 4. 0''020. 

40307 Aigelander corrects the transit 24' to 20'-4. I prefer to assume a misprint, 21''0 for 24', as 

only thus is it possible to make L agree with B and S. 

40394 L + 1' (one wire) agrees well with B, GOtt and S. 

40405 L has two accordant wires ; S — 1" agrees better with L and Gott. 

40636 L — 1* (one wire) agrees with B and S. 

40796 Not in B but in Lam. PM = — 0'-017 (L has two good wires). 

40911 L — 1' agrees well with B and S. 

41126 L (2 obs.), B and Lam indicate PM + 0"-016. 

41348 = Arg 220. PM = + 0--030. 

41655 S corrected by — 1", as L agrees well with Gott. 

.41928 Left out The Globular Cluster M. 2. 

41936 L + 1* (one wire, no fiuction) agrees closely with Lam and S. 

42443 ==: 2 2825, PM = » 0''015. The duplicity hardly remarked by either observer. 

42602 L + 2''0 (Argelander says : '' + 2" oder rohe Beobachtung "). 
42846-7 differ by 1''07. The second one is evidently the correct one (two wires). 

43115 S— .La4.1"'51 (after applying Argelander's correction). L must further be corrected 

by 4- !•, though B — . S = — 0*-49 does not exclude the possibility of PM. 

43382 L — 1' (one wire^ no fraction) agrees closely with B, S and G^tt. No PM possible. 

43730 Lam, Gott and S agree, L must be corrected by -|- 1' (one wire, no fraction). 

43906 L + 1" (one wire) agrees closely with B, S and Gott 

44276 » 2 2928 » Aig 231 : PM ==: + 0-019. 

44304 = Arg 232. PM = + 0'-012. 

44626 L to be corrected by -f 1', as 44628 agrees with B and S. 

44710 PM = + 0--025. 

45059 L - 1- (Bonner Beob. VII., p. 139). 

45113 L + 1' (^1^6 wire), as B precludes the possibility of PM. 

45191 PM = — 0''015 (B and Gott). 

45630 « 2 2998. PM = - 0--022 (Madler). 

45638 = Arg 243. PM = + 0'0365. 

45656 PM = -f 0'*020 agrees well with B. 

45680 PM = + n--020 (B and Yamall). 

45758 not in B. Lam and Gott agree with S in demanding a correction of L by + 1' (one wiie^ 

no fraction). 

46615 L — 2' agrees well with B and S (L one wire). 

46650 = Arg 247. PM = + 0-064. 

46916 As Bumker, Si, S and B agree well, L (one wire, no fraction) must be corrected by 1*. 

46952 S — L as + l'*31. B, Si and S do not preclude a very slight PM, but it seems far more 

likely that L is 1' too smalL 

47226 PM » — 0**015 agrees weU with B. 



When the above corrections had been appUed there of course still remained a 
number of differences S. -- L. which were larger than might hare been expe(;ted 
from the general good agreement between the two observers and the accuracy of 
the observations. No doubt some of these large differences arise from unnoticed 
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Proper Motions, which can scarcely have any sensible influence on the final result, 
but others must arise from simple errors of observation which we may be justified 
in expecting will be eliminated among the large number of stars employed. 

In order to give a clear idea of the difierences between Schjellerup and Lalande 
I have within every hour of RA. collected them in groups of ten and taken the 
mean. These means are given in the following tables, and at the end of each 
column the mean for the whole hour is given. It should be remembered, that the 
last group of each hour generally does not contain ten differences : — 



0». 


1*. 


2». 


S". 


i\ 


5». 


6\ 


7*. 


133 Stars. 


72 Stars. 


80 Stars. 


142 Stars. 


121 Stars. 


108 Stars. 


128 Stars. 


112 Stars. 


+ 0'-024 


+ 0-097 


+ 0'-261 


+ 0^270 


+ 0*068 


+ 0-098 


+ 0-034 


+ 0-177 


+ 0-125 


+ 0-124 


+ 0-141 


+ 0-203 


+ 0-157 


_ 0-034 


+ 0-112 


+ 0-068 


_ 0074 


4- 0-068 


- 0-086 


+ 0-088 


+ 0-168 


+ 0166 


+ 0-038 


+ 0-175 


+ 0-081 


+ 0-114 


+ 0-108 


+ 0-077 


+ 0-147 


+ 0-069 


+ 0-178 


- 0-131 


+ 0-103 


+ 0-109 


+ 0102 


+ 0-195 


- 0-100 


- 0-022 


- 0005 


+ 0-090 


+ 0-088 


_ 0046 


_ 0-092 


+ 0-268 


+ 0-193 


+ 0-036 


+ 0-128 


+ 0-037 


+ 0-074 


+ 0-060 


+ 0-079 


+ 0-184 


+ 0-220 


- 0047 


+ 0-102 


- 0-073 


+ 0-048 




+ 0-211 


+ 0-198 


+ 0-048 


— 0-030 


+ 0-199 


+ 0-036 


+ 0-174 






- 0-011 


+ 0-116 


+ 0-252 


_ 0-056 


+ 0-137 


+ 0-108 






+ 0164 


+ 0-119 


— 0-098 


+ 0-070 


+ 0-220 


-f 0-218 






+ 0130 


+ 0-074 


+ 0-200 


+ 0-094 


+ 0-131 


_ 0-024 






+ 0-131 


+ 0-083 




— 0-096 




+ 0-291 






+ 0-011 
+ 0-111 






_ 0-069 




+ 0-099 


+ 0-073 


+ 0'-092 


+ O-'HS 


+ 0-106 


+ 0-051 


+ 0-069 


+ 0-077 



8^ 


9». 


10». 


11*. 


12". 


13". 


14". 


16". 


125 Stars. 


135 Stars. 


117 Stars. 


132 Stara 


166 Stars. 


116 Stars. 


107 Stars. 


137 Stars. 


+ 0'-028 


_ 0'-037 


+ 0-150 


-0-042 


_ 0-113 


_ 0*1 25 


-0-033 


+ 0-038 


— 0-100 


- 0014 


+ 0093 


— 0-030 


- 0190 


_ 0159 


— 0-029 


+ 0-061 


+ 0074 


+ 0096 


+ 0-101 


_ 0-093 


_ 0-110 


+ 0-006 


- 0-071 


+ 0-066 


+ 0-084 


+ 0113 


+ 0106 


_ 0150 


+ 0038 


— 0065 


+ 0-119 


- 0-093 


- ooie 


- 0-005 


- 0152 


+ 0-007 


_ 0111 


- 0-034 


+ 0-187 


- 0-090 


+ 050 


_ 0-105 


+ 0-101 


+ 0-021 


_ 0-001 


- 0089 


- 0062 


+ 0-111 


+ 0-001 


- 0047 


+ 0-157 


- 0-074 


- 0-180 


- 0074 


- 0-064 


- 0-083 


+ 0075 


+ 0-019 


+ 0031 


_ 0-018 


_ 0-043 


- 0041 


+ 0-049 


- 0-158 


+ 0-075 


+ 0-084 


+ 0024 


+ 0-010 


_ 0-074 


+ 0-004 


+ 0-063 


+ 0045 


+ 0095 


+ 0-028 


— 0-029 


_ 0031 


— 0-024 


- 0-002 


+ 0-161 


— 0-092 


+ 0122 


+ 0-107 


- 0-217 


+ 0068 


+ 0033 


+ 0-243 


+ 0-027 


- 0-151 


- 0O50 


— 0050 


+ 0049 


+ 0-046 


- 0-106 


+ 0-150 




+ 0-056 


+ 0-182 


_ 0-010 
+ 0-302 




+ 0081 


- 0-076 
+ 0027 
+ 0-059 
+ 0-023 






+ 0-084 
+ 0-121 


+ 0-042 


+ 0'-024 


+ 0'-034 


_ 0-014 


_ 0-055 


- 0-023 


+ 0-032 


-©•-OOD 
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16» 


17\ 


18\ 


19*. 


20». 


21». 


22». 


23*. 


149 Stan. 


146 Stan. 


185 Stan. 


176 Stan. 


207 Stan. 


174 Stan. 


140 Stan. 


169 Stan. 


+ 0'162 


+ 0-256 


+ 0-132 


+ O'-OIO 


+ 0*-153 


+ 0-274 


+ 0-153 


+ 0-061 


_ 0166 


- 0072 


- 0060 


- 0-068 


_ 0035 


+ 0-132 


- 0180 


+ 0-130 


+ 0-092 


+ 0-067 


_ 0029 


+ 0032 


+ 0031 


+ 0-266 


- 0-084 


+ 0-014 


+ 0002 


+ 0-092 


+ 0-097 


+ 0124 


+ 0-117 


— 0-079 


— 0034 


+ 0098 


_ 0-002 


— 0-065 


+ 0-061 


+ 0-005 


+ 0-087 


+ 0-309 


H- 0-248 


+ 0-057 


_ 0-010 


+ 0100 


+ 0-005 


-f 0-087 


+ 0-035 


+ 0-064 


+ 0-227 


_ 0-095 


+ 0-103 


+ 0071 


+ 0-075 


+ 0-038 


_ 0-100 


- 0-105 


■4- 0-090 


+ 0-078 


_ 0-108 


+ 0-108 


+ 0-139 


+ 0030 


- 0-037 


- 0-013 


+ 0050 


+ 0-158 


- 0-007 


+ 0-029 


+ 0032 


+ 0-115 


+ 0-063 


_ 0-064 


+ 0-250 


- 0-273 


+ 0-108 


+ 0182 


- 0-019 


- 0-037 


+ 0-028 


_ 0-038 


+ 0-071 


- 0-071 


+ 0054 


- 0001 


+ 0-093 


- 0-065 


— 0063 


+ 0-185 


4- 0-024 


- 0-218 


+ 0-102 


+ 0-136 


+ 0-096 


- 0-006 


+ 0-266 


_ 0-014 


■+- 0-072 


- 0-187 


+ 0118 


+ 0053 


+ 0115 


+ 0-109 


+ 0-217 


_ 0-012 


+ 0-100 


+ 0-178 


4- 0-267 


+ 0099 


+ 0-095 


+ 0021 


— 0085 


+ 0070 


- 0-123 


+ 0-066 


+ 0-124 


+ 01 24 


+ 0036 


+ 0-191 


+ 0-006 


_ 0-036 




+ 0-030 






- 0090 


- 0-064 


— 0-006 


— 0-035 




+ 0-053 






- 0-062 


+ 0130 


+ 0106 


_ 0-021 




+ 0-036 






+ 0-050 


— 0-082 


- 0-036 












+ 0010 




+ 0-039 
+ 0-176 
— 0-091 








+ 0-056 


+ 0-076 


+ 0-042 


+ 0-036 


+ 0'-043 


4- ©"-OSO 


+ 0-062 


+ O'-ooe 



As will be seen by a glance at the above tables, the stars are not quite as 
uniformly distributed over the heavens as might have been wished, there being a 
minimum at l'*-2'' and a maximum at 19*'-20'', As however these hours must 
be considered as exceptions, and as the differences -v^dthin the hours l*" and 2** agree 
well inter se and with the majority of the rest, there is no reason to give them 
different weight. Besides, the stars within each hour are fairly uniformly 
distributed, and by giving all the 24 single results equal weight we fix 24 equidistant 
points around the equator. 

It is not without interest to notice the prevailing minus-sign in the hours 
ll''-13^ while the plus-sign reaches a maximum at'S'', nearly opposite. These 
signs agree with what we should expect from the motion of the solar system, but 
as the latter is directed towards RA. 261° = 17'' 24", the maxima ought to be at 
ll'**4 and 23'**4, and the deviation of the plus maximum must be ascribed to special, 
independent Proper Motions. 

The mean result of all the twenty- four hours is — 

Schjellerup _ Lalande = -f- 0'-0459 + O-'OOGl. 

From this result we have now to deduct the errors in the equinoxes on which 
the flight Ascensions are founded. 

Von Asten's tables, used by me for deducing Lalande's Right Ascensions, rest on 
positions of Standard Stars taken from Piazzi's Catalogue, and the correction 
applicable to the latter should therefore be added to Lalande's R.A. Schjellerup's 
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RA.'s could no doubt without diflSculty have been referred to a good equinox, as 
there is plenty of good material from the years 1855-70, but another question is 
whether this could have been combined with one from Piazzi's time, as Wolfers' 
Equinox of 1830 is too far distant. Besides, I hare not been able to find out 
anything about Piazzi's own determination of equinox, and we should in any case 
be obliged to compare Fiazzi's Eight Ascensions with those of some other 
catalogue. 

I therefore thought it best to foimd my determination of the Constant of 
Precession on Newcomb's "Equatoreal Fundamental Stars,** which besides will 
make it comparable with the above-mentioned reduction of the older values " to a 
mean homogeneous system." 

Newcomb's correction to Piazzi is + 0"*10 and his correction to the Nautical 
Almanac stars used by Schjellerup is + 0**073,* consequently to the difference 
S. - L. we have to add + 0-073 - O'-lOO = - 0-027 and thus find— 

SchjeUenip — Lalande = + 0-'019 ^ + 0"'286. 

From this difference we now deduce a correction for the value of m adopted by 
dividing it by the number of years between the two epochs of observations. By 
writing out the dates of those of Lalande's Zones which have been used in the 
present investigation, the mean epoch will be found to be very nearly 1796*7, while 
Schjellerup's is 18627. The interval is thus 66*0 years and — 

Aw = + 0^-0043. 

The value of m used was — 

J(46''-0808 + 46''-0437) == 46'-06225. 
Consequently the new value for 1829*7 is — 

m = 46"-0666. 

In order to determine the Constant of Precession for the epoch 1800 from this, I 
borrow the following data for 1800 from C. A. F. Peters' paper " Numerus Constans 
Nutationis" — 

^ = 0"-15119 - 0"-00048372 i 
at 



£o = 23° 27' 64"-2 
We first get for 1829-7— 



^ _ ^ = 0"-1387 - 0"-0004436 i 
dt dt 



^ + ^ = 46"-2034 

^= 50-3688 
at 

n ss 20*0563 



* I haye myeelf compuUd thie ooirectioa and found + O^OTS* from 20 N.A. stars between ±^ 16® in good accordance inUr m. 
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and accordingly for 1800 + 



Ltinisolar Preceeaion = 50" -3752 — 0*00021 68 t 

General Precession = 50*2365 + 0*0002268 t 

m = 460581 + 0*0002849 t 

n = 200589 - 0*0000862 t 



The new value of the Constant of Precession — 

50"-2365 

for 1800 is only 0"*0046 smaller than the value by Struve and Peters, which is 
now used in all the large Ephemerides,* and considering the somewhat uncertain 
foimdation of the latter, the confirmation given it by the present investigation can 
scarcely be without some value. The new constant becomes almost identical with 
Struve's if to the latter we apply Newcomb's correction of— 0''053, and as it 
is founded on more than three thousand stars, each class of magnitude being fairly 
uniformly distributed over the equatoreal belt of the heavens, and observed most 
•carefully with an interval of 66 years, the new constant must be entitled to some 
weight. As Struve-Peters* value is the largest of all, the new one is more than 
likely to be somewhat nearer to the truth, but whether the third decimal ought to 
be diminished by a few more units, bringing the constant still nearer to Bessel's, 
must be left for the future to decide. 

That Zone-observations will become of great importance for the further develop- 
ment of Sidereal Astronomy, is certain, and the value of the Histoire Celeste in 
particular will increase as each year distances us more from its epoch. Whenever 
the Zone work of the Astronomische Gresellschaft shall have been finished, it will 
be possible to use all Lalande's observations, and such a mass of stars must give 
very reliable results. But it would be a very useful undertaking for some 
astronomer having a Transit Circle of, say 8 inches aperture, to observe very faint 
stars (of 10th and 11th magnitude), and especially their Bight Ascensions, as an 
examination and future repetition of such observations might furnish absolutely 
uniformly distributed materials for a determination of the important constant. 
Also in other respects would it be worth while to observe such very faint stars, as 
systematic movements within the System of the Milky Way would more easily be 
revealed in this way, if only change of personal error could be guarded against. 
That the stars down to the ninth magnitude inclusive are not distinguished by 
Any motion which could show itself through a Constant of Precession different 
from that of the brighter stars, has been shown by the present investigation. 

* In the American Ephemeris (I belieye) from the beginning, in the Kautical Almanac since 1857, in the ConnaiBsance des 
Temps since 1877, and in the Berliner Jahrbnch from 1888. 
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EECENT LITERATURE. 

** Observations of the Transit of Venus, December 8-9, 1874, made and reduced 
under the direction of the Commission created by Congress. Edited by Simon 
Newcornb. Part /., General Discussion of Results'* Washington, 1880, 157 pp. 
4to and two plates. This volume appears to have been issued about a year ago 
but has only reached us quite lately. We may refer the reader to Vol. I., p. 167, 
of this journal for a list of its contents. The discussion of the photographic 
operations occupies 93 pages, it enters very fully on the method of investigating 
the relation between the apparent positions of Venus and the Sun on the sphere 
and the positions of their images on the photographic plate, and all the necessary 
details as to the constants of the photoheliographs employed are also given. The 
reduction of the photographs follows next in tabular form, and the comparisons of 
observed and tabular positions of Venus on the face of the Sun are presented in a 
form which admits of their ready translation into equations of condition. The 
fourth chapter contains first the results of observations on the model transit and 
secondly a summary of the times of contact and distances of centres derived from 
all the observations at the several stations. The latter are to follow in Part II., 
but as the reductions are still unfinished it was thought desirable to publish the 
contact observations without further delay in an appendix to Part T. We find 
here a complete copy of the original notes of the observers, no discussion being 
attempted for the present. 

" The Multiple Star 2 748. By B. S. Holden" Washington, 1881 (22 pp. 4to, 
Wash. Obs., 1877, App. II.) This paper contains a discussion of the measures of 
the six stars in the trapezium of Orion made by Prof. A Hall in 1877-78, compared 
with those of previous observers. For the four principal stars a table is given of 
all the diflferences AP and Ad of each observer's results compared with W. Struve's, 
and although the residuals are diflScult to reconcile with any particular scheme of 
geometrical change, they seem too large and agree too well with each other to 
attribute them exclusively to accidental errors. The observations of the fifth and 
sixth star also seem to indicate a physical connexion with the whole system. 

'* Publicationen der K. UniversitatS'Sternwarte zu Leipzig, Heft /.," Leipzig, 1882 
(127 pp. 4to and 2 plates). This part contains first Dr. H. C. Vogel's micrometric 
observations of Nebulae between + 9^ 30' and + 15'' 30' (issued separately in 1876) 
and secondly observations of double stars by Engelmann, Vogel, Borgen and Koch. 

^* Astronomische Mittheilungen von Dr. Rudolf Wolf No. 55." In this number 
are given the usual computations of " relative numbers " of Sun-spot frequency for 
1881, a continuation of the summary of Sun-spot literature, and a very fine 
photolithographic plate reproducing twelve drawings of Jupiter selected from a 
series of about 250 drawings made by A. Weiler since 1877. 
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DUN ECHT CIRCULARS, Nos. 52 and 53. 

The spectrum of the nucleus of Comet Wells deserves the closest attention, as it shows a sharp 
bright line coincident with D, as well as strong traces of other bright lines, resembling in appearance 
those seen in the spectra of y Cassiopeise and allied stars. 

1882, May 29. 

A Science Observer telegi-am announces that Mr. S. 0. Chandler, Jr., finds the period of the variable 
«tar D. M. + 1° 3408, which forms the subject of Dun Echt Circular, No. 41, to be only 0-83 days. A 
minimum occurs on July 1, 12** 57"-6 G. M. T. 

1882, June 29. 



NOTES. 

In Thomson and Tait's Elements of Natural Philosophy I., pp. 14-15, it is shown that the 
hodograph for the motion of a planet or comet is always a circle, whatever be the form and dimensions 
of the orbit. In other words, whether an observer be placed on a planet or a comet, the apparent path 
described by a fixed star in consequence of Aberration, will always be a circle, and only the position of 
the latter with respect to the mean place of the star (the hodographic origin) will depend on the 
excentricity of the orbit. It does not appear to be generally known that Bradley has had a remarkably 
clear idea of this phenomenon, as may be seen from his " Miscellaneous Works," edited by the late Prof. 
Rigaud, p. 287 and seq. Bradley here demonstrates the above theorem in a very simple manner, showing 
that the star will always be in a line through the mean place parallel to the tangent to the Earth's orbit, 
and as the line from the middle place to the apparent place is always perpendicular and proportional to 
the perpendicular on the tangent from the second focus of the Earth's orbit, the ends of these two lines 
must describe similar figures, i.6., circles. 

The annual visitation of the Dunsink Observatory by the Board of Trinity College, Dublin, took 
place on June 27. We extract the following from Dr. Ball's report The MS. of Part V. of the 
Dunsink Observations is ready for the printer, it contains (1) Reconnoitring observations of 368 stars 
with a view of finding whether they have a large parallax, (2) on the parallax of Groombridge 1618 
(Copernicus I., p. 16), (3) further researches on the parallax of 61 Oygni, including a discussion of 
Dr. BriinnoVs observations, (4) on the parallax of P. III., 242, and (5) on the parallax of 6 Cygni 
B = S 2486. All these papers are by Dr. Ball. The results for 6 Cygni (which will be published in 
the next number of Copernicus) are of great interest, the parallax resulting from observations of the 
distance of a star near being + 0"-504 ± 0"-060 and from the position-angles + 0"-383 + 0"-130. The 
parallax of P. III., 242, is insensible. For Gr. 1618 the position-angles have now been discussed and 
give V = + 0"-314 + 0"-031 (the result from the distances was + 0"-334 + 0"036). The equatoreal 
is now being employed to observe Victoria and Sappho for the solar parallax in accordance with Mr. 
Gill's proposal. The Meridian circle has been used by Dr. Dreyer to observe a number of stars between 
— 2° and — 23® Decl., nearly the whole working list having been communicated by Professor SchOnfeld. 
Dr. Dreyer will leave Dunsink about Sept. 1, having been appointed to succeed the late Dr. Robinson 
at Armagh. 

Professor Ormond Stone has recently been appointed to the Leander McCoimick Observatory, of 
Charlotteville, Virginia. The 26-inch object-glaas, which has been complete in the hands of the Clarks 
for the last eight years, will now undoubtedly be mounted and at work within a year or two. 
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The Secretary of the U.S. Navy has appointed Vioe-Admiral Stephen 0. Rowan to be Superintendent 
of the IJ.S. Nayal Observatory, in place of Rear Admiral John Rodgem, deoeatod on May 5. 

Professor Johann Carl Friedrich Zollner died at Leipzig on April 25. He was bom at Berlin on 
the 8th November, 1834, and held from 1872 the chair of Physical Astronomy at the Leipzig University. 
Besides a great number of papers (in the Leipzig Berichte) on subjects connected with Spectrum Analysia 
and the constitution of the Sun, he was the Author of several larger works, of which the most important 
was published in 1865, under the name of " Photometrische Untersuchungen." The photometer 
constructed by Zdllner compares the light of a star to that of an artificial star, produced by a paraffin 
lamp and varied as to intensity by turning two Nicols, while the colour is changed by turning a chrystal 
plate. 

We are sorry to have to announce the death of Mr. Charles Edward Burton, which took place very 
Suddenly in Oastleknock Church, county Dublin, on July 9. Mr. Burton was bom at Bamton, Cheshire, 
on Sept. 16, 1846, and occupied himself, from an early age, with the study of Astronomy, although his 
very delicate health put many difficulties in the way of such pursuita From 1868 to 1869 he worked at 
Lord Rosse's Observatory, and from 1876 to 1878 he was Assistant at Dunsink Observatory, but he was 
obliged to resign both these posts owing to ill healtL He took part in the Venus expedition to Rodriguez 
and after his return he remained in Greenwich for nearly a year to measure the British photographs of 
the Transit. Mr. Burton was a successful photographer himself and had much practice in the 
manufacturing of silvered glass specula, with which he observed Jupiter and Mars as often as possible, at 
his father's parsonage at Lougldinstown, county Dublin. In a few weeks Mr. Burton was to have started 
for South Africa to observe the coming transit. 

The Observatory founded by Mr. Warner, at Rochester, N.Y., and of which Mr. Lewis Swift is the 
Director, was ready for work in May last. The principal instrument is a 16-inch refractor by Clark. 
Mr Swift has hitherto worked under the greatest difficulties, his observing place having been on the top 
of a very large cider mill half a mile from his residence, in the open air, without measuring apparatus,, 
maps, clocks, or any similar implements. 

We leam from Professor C. H. F. Peters that ten of his large charts of telescopic stars are now in 
the hands of a photolithographer at Washington. 

The two Belgian Yenus expeditions have started, one under M. Houxeau for Texas, the other under 
M. Niesten for Chili. These expeditions are fumished with a new kind of heliometer devised by 
M. Houzeau, in which the two halves of the O. G. have very different focal lengths, one being fourteen 
feet, the other only about six inches. In this way the observer will see a large and a small image of 
Yenus and the Sun, and the measures are taken by placing the large image of Yenus concentric with the 
small image of the Sun. In this way the difficulties attending the placing in contact of the limbs will be 
avoided. The mountings of these heliometers were made by Mr. Grubb. 

Professor H. A. Newton has been appointed Director of the new Observatory of Yale College. This 
institution possesses a heHometer by Repsold and an eight-inch refractor by Gmbb. The annual report 
lately issued gives full details of the activity of the '' Horological and Thermometric Bureaus " in charge 
of Dr. Waldo. 

Noa 37-38 of the '' Science Observer " contain further particulars of Mr. Chandler's determination 
of the period of the variable star D.M. + 1° 3408. From his own observations of four well indicated 
minima and from a large number of observations by Mr. Sawyer (including two complete minima), Mr. 
Chandler finds the period to be 20*" 7" 41''6 with a probable eiror of l'-3 and the epoch, 1881, July 17, 
10*^ 49m Oambr. M. T. All the sensible variations are comprised in the short space of about four honrs^ 
the star during the other sixteen hours maintaining its maximimi brightness. 
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DETERMINATION OF THE ANNUAL PARALLAX OF 6 CYGNI B 

= t 2486. 

By ROBERT S. BALL, LL.D., F.R.S., Astronomer Royal for Ireland. 

In the course of certain reconnoitring observations in search of stars with an 
appreciable annual parallax the star 6 Cygni B came under review. It is No. 
2789 of Groombridge and is also a well known double star, S 2486 (6, 6 5), the place 
for 1855-0 being 19"^ 8"^ 20*-4, + 49** 35'-3. On Nov. 30, 1879, the distance 
of a small star n^' of the 10*5 mag. was measured with the following result, where ir 
is the annual parallax — 

D = l7r'-4 — -9 . ir 

On May 4, 1880, the measures were repeated with the following result — 

D = 169"-9 + -9 . «• 

These observations having been made at the time when the object was in the 
apse of its parallactic ellipse, it was natural to enquire how far they could be 
explained by annual parallax. From the distances a parallax of considerable amount 
is suggested. It will of course be understood that these observations are not 
intended to give any determination of the actual value of the parallax ; they would 
indeed point to a parallax of 0"-7 or 0'''8 which is larger than the parallax since 
determined, but they were suflBcient to suggest that further enquiry was desirable. 
A systematic series of observations was therefore commenced on Oct. 3, 1880, and 
was continued to Dec. 22, 1881. It is the object of the present paper to discuss 
this series of observations. 

6 Cygni is No. 196 of Argelander's list of 250 stars with a large proper motion 
(Bonn Observations, Vol. VII), the proper motion being 0"'636 in the position 
angle 346** 27'. Argelander's positions refer to the preceding star, but it is the 
following star which has been employed in the present investigation. The distance 
and position angle have been measured from the following star in the dark field. 
Argelander states that the two stars form a system and I have therefore adopted 
the proper motion which he gives for the preceding star as a first approximation to 
the motion of the following star. The mode of observing this object diflTered from 
that I had adopted in previous investigations inasmuch as each set was made in only 
one position of the micrometer in the present case, while in the others the micrometer 
was turned 180° when half the observations were completed ; there were also two 
reversals of the wires in the latter case while there was only one in the former. 
The reason why I departed in this case from the practice which was found to 
. answer well in the others may be easily stated. The measures of 6 Cygni were 
made in a dark field with bright wires. Now with our instrument the measures 
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cannot be made so accurately with the dark field as they can with the bright field. 
I therefore thought that I might legitimately adopt a simpler method of observing 
in the dark field, believing that the errors thereby introduced would be inappreciable 
in comparison with the errors incidental to these measures themselves. In some 
respects I now wish that the more accurate method had been followed, as the 
probable error of the single observations would perhaps have been lessened. 
Another remark should be made with respect to the observations of position angle. 
It was my practice to insert this object in the working list along with many other 
stars on the reconnoitring list, and I not imfrequently made only a single determi- 
nation of the parallel (by four readings usually) so long as the telescope was in 
the same position. Indeed, throughout the work I regarded the observations of 
position angle as of subsidiary importance, my care being chiefly directed to the 
measures of the distance. It was therefore to be anticipated that the measures of 
the distance would afford a more satisfactory result than the measures of the 
position angles, and this anticipation has been confirmed by the results. 

The following are the observations obtained, corrected for refraction and for 
reduction to epoch — 



Date. 


Distance. 


Podtion. 


Date. 


Distance. 


Position. 


1880, 


Oct. 3, 


170"-899 


78° 6'-31 


1881 


, Oct 


u, 


171"-108 


78° 


30' -65 


9> 


„ 19, 


171113 


78 9-22 


99 


99 


14, 


171-073 


78 


30-41 


»i 


» 20, 


170-309 


77 54-98 


>} 


99 


15, 


171-138 


78 


28-83 


y> 


Nov. 3, 


171-210 


78 10-32 


99 


99 


15, 


169-988 


78 


21-69 


y> 


„ 21, 


171-663 


78 0-48 


99 


99 


15, 


171-231 


78 


23-60 


1881, 


Apr. 1, 


169-700 


78 8-20 


91 


99 


16, 


171-258 


78 


15-86 


» 


„ 1, 


169-763 


78 29-01 


99 


99 


17, 


170-960 


78 


20-86 


» 


„ 5, 


170-293 


78 16-62 


99 


99 


17, 


171-484 


78 


22-12 


» 


,> 5, 


170-361 


78 6-96 


99 


Nov. 


1, 


171-623 


78 


9-63 


» 


„ 16, 


169-864 


78 22-49 


99 


99 


5, 


171-224 


78 


24-33 


99 


May 2, 


170-080 


78 12-91 


99 


99 


26, 


170-638 


78 


14-68 


l> 


„ 4, 


169-821 


78 20-35 


91 


99 


25, 


170-881 


78 


2-36 


» 


» 6, 


169-398 


78 32-16 


}> 


Dec. 


3, 


171-669 


78 


26-26 


» 


» 7, 


170-213 


78 25-89 


99 


99 


3, 


171-839 


78 


13-23 


9f 


„ 9, 


170-252 


78 28-87 


99 


99 


16, 


170-463 


78 


24-60 


tf 


„ 9. 


169-607 


78 19-37 


99 


99 


22, 


171-429 


78 


32-78 


97 


„ 22, 


170-604 


78 31-82 


99 


99 


22, 


171131 


78 


31-86 


99 


Jxine 8, 


170-016 


78 29-62 














99 


Oct 2, 


171-353 


78 19-77 














>> 


., 2, 


170-176 


78 19-78 















The mean date of the observations was 1881-5207. This was taken as the epoch. 
The assumed mean distance is 170''-692 and position angle 7&*'18'-610. 

The annual proper motion has next to be considered. If we assume that 
the comparison star is at rest and if we attribute to 6 Cygni B the proper 
motion of Argelander, then the annual increase of the distance is + 0"-02, and of 
the position angle + 12'796. It thus appears that nearly the entire proper motion 
is devoted to change of the position angle. A glance at the observations will 
show that the distance is subject to no regular increase^ while the position angle is 
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obviously larger towards the end of the Series than it was a year previously. 
This may be taken as priTna facie evidence, that the large proper motion is not 
participated in by the comparison star. 

The correction to be applied to the distance for parallax is — 

— [9-99938] cos (0 - 206° 59'-16) Rx, 

and the equations of condition are of the form — 

x + hx' ^ [9-99938] Rir cos (© - 206° 59'-16) 

— [9-99938] ic sin (0 .- 206° 59'-16) + D" - l70"-692 = 0, 

where — 05 is the correction to the adopted distance, b is the fraction of year 

elapsed since the epochs x' is the correction to the assumed proper motion, ir 

the parallax, k the aberration and D" the observed distance corrected for refraction 

and reduction. The observations yield the following equations of condition — 

Equations of Condition from Distances. 

Beddnala. 

1 a? — -7650 «' — -9581 x + -2808 ic + -223 = + -042 

2 — -7212 — -9938 + -0087 + -436 + -141 

3 « .7186 — -9936 — -0087 -. -368 — -670 

4 — -6802 — -9584 — -2500 + -532 + -162 
6 — -6309 — -8304 — -5382 +. -884 + -478 

6 — -2743 + -9642 — -2599 — -986 _ -423 

7 — -2743 + -9642 — -2599 — -933 — -370 

8 — -2606 -f -9809 — -1931 — -394 + -199 

9 — -2606 + -9809 — -1931 — -326 + -267 

10 — -2332 + 1-0028 — -0064 — -823 — -157 

11 — -1894 + -9718 + -2618 — -608 + '131 

12 — -1839 + -9627 + -2945 — -867 — -122 

13 — -1786 + -9526 + -3265 — 1-290 — -539 

14 — • -1767 + -9471 + -3424 — -475 + -277 
16 — -1703 + -9353 + -3738 — -436 + -321 

16 — -1703 + -9353 + -3738 — 1081 — -324 

17 — -1347 + -8336 + -5656 -. -086 + -683 

18 — -0881 + -6410 + -7737 — -674 + -065 

19 + '2295 — -9521 + -3014 + -666 + -404 

20 + -2296 — -9521 + -3014 _ -521 — -773 

21 + -2623 — -9904 + -0992 + -411 + -069 

22 + -2628 — -9904 + -0992 + -376 + -034 

23 + -2651 — -9917 + '0818 + -440 + -090 

24 + -2651 — -9917 + -0818 _ -710 _ 1-060 
26 + -2661 — -9917 + -0818 + -633 + -183 

26 + -2678 — -9926 + 0647 + -660 + -204 

27 + -2706 — -9933 + 0473 + -252 _ 'HI 

28 + -2706 — -9933 + -0473 + -786 + -423 

29 + -3116 — -9679 — -2119 + -925 + -483 

30 + -3226 — -9498 — -2797 + -626 + -068 

31 + .3773 — -7927 — -6930 _ -062 _ -562 

32 + -3773 — -7927 — -6930 + -181 _ -308 

33 + -3992 — -7014 — -7003 + -859 + -379 

34 _L. .3992 — -7014 — -7003 + 1-139 + -658 
36 + -4321 — -6390 — -8349 — -238 -_ -687 

36 + -4613 — -4326 — -8965 + -728 + -310 

37 + -4513 — -4326 — -8965 + -430 + -012 

Normal Equations. 

+ 37-0000 aj -0000 »' — 8-8113 ir — 2-6079 ic -0000 = 

•OOOOoj +5-1102a;' — 4-0679ir — 1-9890 ic+ 3-1411=0 

— 8-8113 X — 4-0679 x' + 30-2489 ir + 48179 k — 16-9516 = 

_ 2-6079 » - 1-9890 «' + 4-8179 «■ + 6-6593 ic— 4-4672 = 
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' Solving these we find — 

X =. + 0"-1441 + 0"-050 
a' = — 0-0814 ± 0-143 
,r = + 0-5039 ± 0-060 
,c = + 0-3420 + 0-127 

The sum of the squares [nn'] is 16*015, and the sum of the squares of the 
residuals is 6 202. The probable error of one observation is 0''*2924. The 
smallness of the probable error seems to suggest that this star really possesses 
a parallax of considerable amount ; it is therefore a matter of gi'eat interest 
to see how far this conclusion can be corroborated by the observations of position 
angles. 

The equations of condition are formed in the usual manner from the type — 

a? + 6a/ — w' R COB (0 — M')ir — «i' sin (© — W)ic + 60 (p" — p^") sin D = 

and they are as follows — 



Equations of Condition fbom Position Angles. 



1 


X — 


2 





3 


— 


4 


_ 


6 


^^ 


6 


^.^ 


7 


__ 


8 


,^_ 


9 


_ 


10 


^_ 


11 


_ 


12 


,^_ 


13 


_^ 


U 


^_ 


16 


«^ 


16 




17 





18 


,,, , 


19 


+ 


20 


+ 


21 


+ 


22 


+ 


23 


+ 


24 


+ 


25 


+ 


26 


+ 


27 


+ 


28 


+ 


29 


+ 


30 


+ 


31 


+ 


32 


+ 


33 


+ 


34 


+ 


35 


+ 


36 


+ 


37 


+ 



•7650 x' 

•7212 

•7185 

•6802 

•6309 

•2743 

•2743 

•2606 

•2606 

•2332 

•1894 

•1839 

•1785 

•1757 

•1703 

•1703 

•1347 

•0881 

•2295 

•2295 

•2623 

•2623 

•2651 

•2651 

•2651 • 

•2678 

•2706 

•2706 

•3116 

'3226 

•3773 

•3773 

•3992 

•3992 

•4321 

•4513 

•4513 



•2497 IT 
•0088 
•0252 
4- -2513 
+ -6178 
•2298 
•2298 



+ 
+ 



+ ^1665 
+ 1665 

— -0111 

— -2669 

— -2980 

— -3286 

— 3438 

— -3739 

— -3739 

— -5572 

— -7554 

— -2694 

— -2694 

— -0768 

— -0768 

— -0603 

— ^0603 

— ^0603 

— ^0441 

— ^0277 

— -0277 
+ -2167 
+ ^2789 
+ -5681 
+ -5681 
+ ^6660 
+ -6660 
+ -7879 
+ ^8431 
+ ^8431 



— -91301: 

— -9465 

— -9462 
_ 9120 

— ^7880 
+ ^9182 
+ ^9182 
+ -9318 
+ ^9318 
+ -9466 
+ ^9088 
+ ^8993 
+ -8888 
+ -8832 
+ -8712 
+ ^8712 
+ -7703 
+ ^5851 
-. ^9074 

— ^9074 

— -9434 

— -9434 

— -9446 

— ^9446 

— -9446 

— -9455 

— -9462 

— -9462 

— -9212 

— ^9037 

— 7613 

— -7513 

— -6627 

— ^6627 
« -5049 

— -4015 

— -4015 



+ 
+ 



— -1246 « 

— -0080 

— -7170 
+ '0206 

— -4993 
'3426 
•6907 
•0668 • 
•4129 

+ -3408 

— -1627 
+ ^2032 
+ -7857 
+ 4731 
+ -6176 
+ -1459 
+ ^7415 
+ ^5977 

— -0882 

— -0877 
+ 4311 
+ -4192 
+ -3390 

— -0205 
+ -0793 

— -3067 

— -0602 
+ -0023 

— -6488 
+ -0790 

— -4348 

— 1-0466 
+ -1257 

— -6208 
+ -0228 
+ -4168 
+ -3711 
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+ 37-0000 X 


•0000 «' 


+ 2-4837 «• 


— 8-5164 K 


+ 1-4893 = 


•0000 a; 


+ 5-1098 x' 


' + 1'9455 » 


_ 3-8185 K 


_ -0171 » 


+ 2-4837 a; 


+ 1-9456 v! 


+ 6-9728 ir 


— 4-6946 K 


_ 2-3771 - 


— 8-5154 « 


- 3-8185 as' 


_ 4-6946 ■K 


+ 27-0927 K 


+ 51311 = 



Solutions. 

X = — 0"-112 + 0"-05 
aj' = - 0-291 + 0-13 
X = + 0-383 + 0-13 
K = - 0-199 + 0-06 

( The probable error of one observation is 0"-276 of arc or 5'*6 of position angle. 

Combining the results of the two sets of equations we have for the parallax of 
6 Cygni B — 

ir= + 0"-482±0''-054. 

It is very desirable that this result should be tested by other investigations^ and 
I hope to make another series of observations. The present determination is to be 
regarded as merely provisional, though I think it can hardly be doubted that a 
parallax of very considerable amount really exists. 

It is impossible not to be reminded of 61 Cygni which is in the same constellation 
and the parallax of which is about the same amount. It will also be observed 
that % 2486 and 61 Cygni are doubles of the same general character and have 
each a large proper motion. 



UEBER DEN ZWEITEN DIFFERENTIALQDOTIENTEN DER WAHREN 

ANOMALIE. 

Ptir ein unendlich kleines Increment — dt und far das entsprechende — dv^ gehe 
X von a^o i^ ^ - 1 tiber, ftir + dt aber und + di/ in x^i, so hat man — 

dx . dhi dfi 
aj+i « «;« + 5^ <w + 2? • T ' • • 
, dx J , , d^ dt/* 

*-' = «^» + 5J/ •'^'^ +5175--2"* •• 

, dx jj t d^ d^ 

Setzt man die Summe der beiden ersteren Relationen gleich der Summe der 
letzteren, so folgt — 
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oder — 

dxf^ "" dt^ • dv^ • 

Wenn nun iiberhaupt die Taylor sche Reihe richtig ist (was ich fur mein Theil 
nicht in Abrede stellen mochte) so sind obige Ausdrticke fiir die Summe a; _ i + a + 1 
nur um eine Grosse der dritten Ordnung (wenn man will, oder noch hoherer) von 
einander verschieden, welche selbst nach einer Division mit dv'^ noch unendlich 

klein bleibt, und das endliche Verhaltniss ^ nur um ein unendlich Elleines erster 
oder hoherer Ordnung beeinflusst. 

Auf welche andere Weise kann und darf aber dann die Veranderlichkeit 

di/ 

von -^ noch mitspielen, als dadurch, dass man 

d^_ kVl +m' ' V^ 
dt 75 



setzt, wie Dr. Eobold dies gethan hat? 
Gottingen, Juli 30, 1882. 



W. KLINKERFUBSt 



ON SOME HITHERTO UNKNOWN OBSERVATIONS OF A SUPPOSED 

SATELLITE OF VENUS. 

Bt H. C. F. C. SCHJELLERUP. 

Without intending to discuss the reliability of the observations of a body- 
resembling a satellite of Venus, I consider it well to put on record some hitherto 
unknown observations of this kind. 

In a book entitled " Der Venusmond und die Untersuchungen iiber die frtther^n 
Beobachtungen dieses Mondes" (Braunschweig 1875) Dr. Schorr ha« put together 
in tabular form all the known observations which may be interpreted as pointing 
to the existence of a satellite of Venus. On comparing this list with the old, 
ledgers of observations at the (Copenhagen Observatory I have found that seven 
observations made in 1761 by Roedkiser and one made in 1768 by C. Horrebow 
and two other observers have never been published. The observations of 1764 
were made known the same year in Vol. IX. of the Transactions of the Roy. Danish 
Society of Sciences, but it is most remarkable that Professor Horrebow and his 
second assistant Roedkiser in their reports to the Society do not make the slightest 
allusion to the observations made only three years previously. Horrebow even 
says after having mentioned two observations by Cassini, one by Short and four by 
Montaigne, that up to 1764 there were no other proofs of the existence of the 
satellite. I can offer no suggestion as to why the observations of 1761 were not 
mentioned, but as they seem at any rate as reliable as those of 1764 I have thought 
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it desirable to publish them. I give them exactly as they are in the ledgers 
and have added the original observations of 1764, which it also seems of interest 
to record. 

To anyone wishing to explain these observations it will always cause the greatest 
difficulty that all the observations, with the exception of those of Fontana, Cassini 
and Short, were made within the space of ten years (1759-68), while nothing of 
the kind has ever been seen since. To the same period belongs another observation 
which seems to have been overlooked by modem writers,* although it is published 
in the well-known French " Encyclop^die," edited by Diderot and d'Alembert, 
under the article " Venus." We there read as follows — 

Parmi les apparitions . . . une des plus remarquable est sans contredit celle du P. la Grange, j^niite. 
Ce savant cultivoit k Marseille Tastronomie depuis nombre d'annees ; muni d'excellens instruiuens Si 
entr'auti'es du telescope de 6 pieds de foyer du P. Pezenas, construit par M. Short en 1756, dont Teffet 
est de groBsir 800 fois, k €gale celui d'une lunette qui auroit 1600 pieds. Son experience reconnue k 
son exactitude dans les observations, rendent precieuses celles que nous aliens rapporter. 

H n'y vit point de phase comme Tavoient apper^ue tous les autres observateurs ; & ce qui n'est pas 
moins surprenant, c'est qu'il lui parut que ce petit astre suivoit une route perpendiculaire a F^liptique. 
Cette direction qui par ce qui precede se concluoit des observations de Limoges,t parut si etrange au P^ 
la Grange, qu'il ne fit pomt difficult^ d'abandonner toutes les consequences qu'il avoit d6duites de ses 
observations. Elles furent faites des 10 au 12 £§vrier 1761, il trois jours difi^rens. 

I now give all the Copenhagen Observations. It may be mentioned here 
that there are no ledgers extant for the years 1762 and 1763 ; they were no doubt 
destroyed during the bombardment of Copenhagen in 1807, as we possess a 
description of the damage done to Professor Bugge's residence, in which it is said 
that two volumes of observations for 17 . . (years left blank) were lost. 

1761 d. 28 Junii In quadraute Venerem observans} Roedkiser vidit albedinem quandam, qua 
Yenerem seqaebatur. Distantiam inter banc et limbum Veneris superiorem invenit 0'66y§ et observavit 
11" transitum inter banc et Yenerem. Postea tubo 17' eandem interum vidit, atque ex facie ejus, qu» 
non adeo falcata erat ac Yeneris, sed fere dimidia facie splendens, suspicatur Observator, se satellitem 
Yeneiis vidisse. Ooeteri nos eandem albedinem videre non potuimus, licet Yenerem ssBpe observaverimus 
quadrante, rota meridiana et tubo 17 pedum. 

1761 d. 30 Junii, a.m« Yenerem observans Eoedkiflsr eandem videbat albedinem, quam antea diebus 
28'' & 29"* Junii viderat. Distantiam ejus a Yenere determinabat J circiter diametri Yeneris. Erat isto 
die prope coma superius Yeneris in quadrante. Sed ista albedo nondum coeteris nobis appaniit. 

1761 d. 2 Julii, A.M. Per totam banc noctem, et etiam per plurimas antecedentes Boserup et 
BoedkiBBr Yenerem expectarunt orientem spe Satellitem ejus detegendi, sed, etsi tubis 17 k 22 pedum usi 
fderinti nilul tamen viderunt. 

1761 d. 19 JuliL Statim post ortum Yeneris Boedkissr observabat lumen aliquod debile figum 
confus8B et indistinctae una cum Yenere in tubo 17 pedum existens, etsi optime videretur, etiam Yenere 
in tubo non existente. Distantia hujus luminis a Yenere erat, ut »stimabat, 40 fere semidiam. Yeneris. 
Yenus supra illam in tubo ad sinistram sita eratw Lumen valde debile erat, sed tamen satis magnum, ut 
persvasus sit se stellam non observasse. 

1761 d. 20 Julii. Roedkinr Yenerem orientem quidem observabat, sed nubes Yenerem quovis 

momento tegebant. 

* See, however, Peters* Zeitsclurift fttr popal&ie HittheOuDgen, II., p. 248.--Ed. 
t By Montaigoe. See the table at the end of this paper. X ^o time given, altitude = 51® 52' 21". 

§ As IP =: 180" -44, the distance was 86". 
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1761 d. 2d JuIiL Boedkuer hac nocie Yenerem plus Integra hora obeervabat tabo 17 pedum et 
interdum tube macbiTiffi parallactlciey sed ne minimum quidem signum Satellitis videbat. 

1761 d. 25 JuliL Roedkiser Yenerem per longum satis tempns obeervayit, sed Satellitem detegere 
non potuit 

1761 d. 5 AugustL Statim post banc obsenrationem* stellam qnandam macbina parallactica 
obeervabat Boedkiser. Hanc stellam pro Satellite Yeneris babebat-* 

Yenus h. 22 40 il 
SteUa - 22 40 46 

Distantiam stellie a limbo Yeneris saperiore observabat dreamy. 7*18*t Postea Boserup stellam 
invenit eandem, atque admonuit, Satellitem Yeneris esse infra banc stellam. Hinc Eoedkisr machina 
parallactica sequentem fecit observationem — 

Stella supra observata . . . h. 22 58 11 
Satelles 22 58 30 

Distantia Satellitis micrometre machinaB parallacticaB determinata 21*66, quod facit in minutis.^ 
Postea a Boedkiser determinata distantia Satell. a Yenere^ 

in rectasc. 24" temp. 

indeclin. 28*84 § 

1761 d 8 AugustL Boedkiser h. 2 matut. iterum vidit Satellitem Yeneris, et machina parallactica 

observavit — ^ 

Satelles .... b. 23 23 31 
Yen. limb. sequ. 23 23 40 

Distantiam a Yeneris Umbo inferiore determinavit — 

12-92 
13-50 
26-42 II 

1761 d. 12 AugustL Hora 1 mat. BoedkisBr Yenerem orientem observavit et Satellitem ejus 
iterum invenit infra Yenerem ad dextram situm fere eodem in loco, ubi prima vice eum obeervabat. 
Situm ejus aocuratius determinare nubes impediebant 

1761 d. 13 AugustL Hora 1 matutina Boedkiser observavit Yenerem, et invenit in parte inferioii 
tubi lumen quoddam debile ad deztram Yeneris, sed nubes Yenerem subinde occultantes observationeB 
ulteriores impedivere. 

1761 d. 29 Augusti, a.m. Per banc noctem Yenerem observavit Boedkiier, sed Satellitem detegere 
non potuit 

1761 d. 24 Novembris, a.m. Boedkisr Yenerem observabat tubo 17' et 7', sed Satellitem non 
inveniebat. 

1761 d. 1 Decembris. Yenerem observabat, sed Satellitem non invenit [Boedkiser]. 

1764 d. 3 Martii. Herd 6 pomeridiana Boedkiser Yenerem observans ejus detegebat Satellitem. 
Yitro utebatur objectivo utrinque convexo 9^ pedum, oculari 3 pollicum. Phasis ejus prorsus erat 
similis Yen. scilicet globosa, ita ut diameter maxima esset verticalis in ambobus. Distabat in tubo ad 
sinistram Veneris | diametri Yeneris. Centrum Satellitis in eodem cum centre Yeneris erat paralleloy 
magnitude fere ^ diametri Yeneris. 

1764 d. 4 Martii. Iterum bac vespera bor& itidem 6t& Boedkiser videbat Satellitem Yeneris. 
Distantia ejus ad sinistram erat i diametri Yeneris. Centrum ejus cum centre Yeneris angulum fieudebat 

♦ Tranait of " Pegasi Collum." 

t From 18 measures of the diameter of the Sim during the transit of Venus, June 6, 1761, assuming tha Solar Badius 
s= 958"-42 (Leverrier, Annales, YL, p. 89) I find 1p = 69''-23 and accordingly the obserred disUnce = 497"'a 
X Full stop in MS., and a new line. The distance is 25' 0". 
§ Equal to 33' 17". 
II Equal to W 9". 
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semirectum plus minus: altius in tubo apjiarebat quam Veneris centrum. Phasin ejus etiam optime 
distinguere potuit Veneri conformem : usus est pai-tim eodem vitro objective quo heri, partim objectivo 
menisco 14 pedum cum oculari 3 pollicunL Gonfigurationes d. 3 dt 4 Martii tales erant : 

Configuratio d. 3 Martii Configuratio d 4 Martii 

SatelL O O ^^^^^ Sfi"*®!^' O 

Q Venus. 

N.B. Ita Satelles et Venus in tubo apparuere. Satellitem fuisse prsesertim exinde patet, tarn 
Veneris quam Satellitis diametrum notabiliter (tubo usus 14 pedum prse tubo 9^ pedum) amplificari, 
quod de nxdla fixa valet. 

1764 d. 9 Martii. Hor& 6 J vespertin& Satelles Veneris visus est a P. H.,* Boserup and Koedkittr. 
Ob defectum necessariorum apparatuum situm Satellitis atque distantiam ejus a Venere observationibus 
determinare non potuL In tubis videbatur supra Venerem ad dextram, ita ut ex meo judicio faceret cum 
verticali Veneris circa 30®. Distantia a Venei-e ei-at 1 J vel 1^ diam. Veneris. Satelles Veneris erat 
perquam parvus ita ut vix J diam. Veneris excederet.t 

1764 d. 10 Martii. Hora 6 vespertinU videbamus tubo 9 J ped. ad dextram Veneris lumen quoddam, 
an yero Satelles Veneris esset^ nee ne 1 C. et P. Horrebow affirmare non audent. Lumen istud faciebat 
cum verticali Veneris 45°. Roedkiier autem credebat, se Satellitem Veneris vidisse eodem tubo 9| ped., 
in quo applicuerat duo filamenta sese ad angulum rectum secantia, et observabat sequentem transitum 
Veneris et Satellitis — 

h. 5 56 13 Satelles ad horizontale, 

Limb, superior Ven. ad idem, 
Limb, inferior Ven. ad idem, 
Limbus anteced. Ven. ad verticale, 
Limbus sequens Ven. ad idem, 
SateUes ad idem filam. 

Horft 7^ vespertin& lumen istud plane disparebat. 

1764 d. 11 Martii. Hac veapera ab hora 5| ad horam 7 videbamus omnes tubo 9^ ped. lumen 
quoddam debile ad dextram Veneris circa 30 grad. supra horizontalem Veneris. Hoc lumen colore Veneri 
(non stellulis £uds quse simul in tubo apparebant) simile erat, quamobrem omnes credidimus, quod Satelles 
Veneris esset. Multis modis tentatum est, an lumen fictitium esset, quod in tubo apparuit, sed 
contrarium deprehensum est.} Colore simile erat illi lumini, quod P. H. d. 9 Martii apparuit, sed multa 
minus erat Distabat fere a Venere 1 vel Of diam. Veneris. Hora 7 disparebat. 

1764 d. 12 MartiL Hac vesper^ Satelles Veneris non visus est, licet iisdem tubis usi simus ac 
antea. Aer tamen serenus erat ; ita ut minimas stellas in tubo cum Venere videremn& 

1768 d. 4 Januarii. Venus observabatur h. circiter 5| A.M. tubo Dolloniano 10 pedum, apparatu 
terrestri instructo, atque ejus facies talis erat : 

scilicet infra Venerem paulo ad dextram & linea verticali conspiciebat parvum i ]^ vertic. 

lumen, quod minime stella erat, (erant enim etiam stellse in tubo, quae longe /K 

aliam habebant apparentiam), quodque ft Venere circiter magnitudine diametri I ([ 

Veneris distabat. Mox postea in tubo Islseano Astronomico 12 pedum § 

* Peter Horrebow, Jr., son of Prof. Peter Horrebow, R5mer*s disciple, and brother to Chr. Horrebow. He was for some 
yean first assistant at the Observatory, until his brother's death in 1776. He died in 1812. 

t This evening the " satellite ^ was observed through two telescopes, one of 9^ feet and one of 6 feet focal length. P. Horrebow 
alec thought he saw it with the quadrant, which had a tube of 8 feet only, but he was not certain (Trans. R. Dan. Soc. IX p. iOO). 

X In his report to the R. Society of Sciences Prof. Horrebow states that he looked al Jupiter and Saturn the same evening and 
saw them both well and without any false images. He also moved the telescope about while observing Venus, but the relative 
positions of Venus and the satellite remained unchanged. This was also the case while he let Venns pass through the entire field 
of view, and even when Venus was outside the field the satellite was visible (Ic. p. 402-d). 

§ Under April 1, 1767, we read : " Hie tubus 12' postea Islfsanus dicendns est, quia D. de lisle enm ordinavit." 
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observabatur Venus, ibique ejus hsec erat facies : 

scilicet idem lumen, quod infra ad dextram in tubo terrestri conspidebat, ([ | 

supi-a ad sinistram in tubo Astronomico apparebat, atque in distAntia diametri Q 

Veneris. * | 

PriBterlapsa bora, vel horse tribus quartis, magis ad dextram in Dolloniano, et magis ad sinistram 



I < 

tubo DoUon. 



i 



tubo coelesti 



in tubo astronomico apparebat hoc Veneri adhaarens lumen. Hoc vero idem phaenomenon in Venere 
observabant tres Observatores, 0. H., O. B. et J.;t omnes certo videbant, hoc lumen stellam non esse, 
tentando omnibus cei-tum videbat, hoc lumen non esse illusionem opticam, unde suspicabant, illud forsan 
esse Veneris Satellitem. 

In conclusion it may not be devoid of interest to compare the above notes with 
the following summary of similar observations, which I take from Dr. Schon-'s 
book with the exception of those of La Grange and Scheuten. The latter saw for 
several hours a " satellite " follow Venus across the Sun at the end of the transit 
in 1761. (See Bode's Jahrbuch, 1778, pp. 186-188).J 



Year Date, Hour. 


Kelat 
DiMm. 


Di«t. from 
Venus. 


Relative 
Position. 


Figure, 

Brightness. 


Observer. 


Instrument, &c. 


1645 


Nov. 15, P.M. 






Above 


Dark 


F. Fontana 




1C72 


Jan. 24, 19" 


. . 


1 diam. 


West 


Crescent 


Cassini 


34 .feet telescope. 


1686 


Aug. 27, 16" 


• ■ 


f diam. 


East 


Shapeless 


Cassini 




1740 


Nov. 3, 17" 


<i 


10' 20" 


P 


SameasVen. 


Short 


Greg. Tel. 16 in., 
powers 50-240. 


1759 


May 20, 9" 




1 J diam. 


Above 


Fainter 


A. Meier 


Greg. Tel. 30 in. 
(Greifswald). 


1761 


Feb. 10, 11, 
and 12 








Round 


La Grange 


6 feet tel. by Short, 
power 800. 


1761 


May 3, 9.30 




20' 


Below and 
tow. south 


SameasVen, 


Montaigne 


9 feet tel. (at Lim- 
oges). 


1761 


May 4, 9.30 




21' 


Below, 20° 

tow. north 

Above, 45" 


Same 


Montaigne 




1761 


May 7, 9.30 




25' 


Same 


Montaigne 












tow. north 








1761 


May 11, 9" 




25' 


Above, 45° 
tow. south 


Same 


Montaigne 




1761 


J\me 6, A.M. 




27' 


nf 




Scheuten 




1764 


Mar. 15, 7" 






East 




Montbarron 


Greg. Tel. 32 in , at 
Auxeri'e. 


1764 


Mar. 28, 7.30 






West 




Montbarron 




1764 


Mar. 29, 7.30 






West 




Montbarron 





Copenhagen Observatory, July 1882. 

* It will be noticed that the crescent is not reversed in tho figure. In the description there Is nothing about the ^ satellite** 
being crescent-shaped. 

t Chr. Horrebow, Ole Btttzou and Ejolvor Johnsen. The last-named became second assistant in August 1767, two months 
after Roedkiier's death. 

X See also Peters' Zeitschrift III., pp. 2 and 11, from which it would appear that something similar was seen in Hunting- 
donshire. — Ed. 
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JOTTINGS ON THE SCIENCE OF THE CHINESE. 

By ALEXANDER WYUE. 

[The following paper was originally published in the NorUt, China Herald and then in the Shanghae 
Almanac for 1853. From special enquiries made at Shanghae it appears that both of these publications 
now exist in only one or two copies. It was published again in the Chinese and Japanese Repository 
(London, 1863-66), but that work has also become very scarce.* It was also partly translated into Grerman, 
with some alterations and additions, by Dr. K. L. Bieruatzki, Crelle's Journal, Vol. 52, Art. 5, Die 
Arithmetik der Chinesen, but to the best of our knowledge this interesting paper, in its original form, 
seems to be very little known to recent writers on the History of Mathematical Science. As it 
contains a considerable amount of information of general interest, we have thought it desirable with the 
Author's permission to reprint the whole paper, the more so as we are able to avail ourselves of a 
manuscript copy made in Shanghae through the special courtesy of the Hon. Sorabjee S. Bengallee of 
Bombay, and the kind intervention of George Hamilton, Esq., of Skene, Aberdeenshire. — Editors.] 

There are a few discoveries, such as the magnetic needle and the typographic 
art, which have been of indisputable service in the advancement of civilization, 
priority with respect to which, is by universal consent ascribed to the Chinese ; a 
certain superiority in some of the arts, many will admit that these people possess ; 
some questions in modern science have received a practical illustration in the 
ordinary habits of the *' Flowery " race, and sonie few have been constrained to 
admit, that they have for time out of mind, possessed a perfect knowledge of facts, 
which have been but recently arrived at through the medium of theory in the 
West. Beyond this, few are disposed to accede td the pretensions of this people, 
and the suggestion of any degree of eminence in abstract science is by many 
thought to be unworthy of a moment's consideration. It is possible, however, that 
a little investigation might establish juster views. The object of the following 
desultory notes, made from time to time, in the course of some researches, entered 
upon with another purpose in view, is to draw attention to the state of the 
Arithmetical Science in China, a subject which has not been so fully explored as 
it might with advantage, and on which some erroneous statements have been 
current in modern publications. 

The Roman Catholic missionaries who had from the commencement of the 
seventeenth century begun to acquire fame and influence at court, continued to 
retain and fortify their position, and on the change of dynasty taking place, they 
found themselves even more favourably circumstanced than before ; by means of 
the works of Ricci, Schaal and others, much of the science of Europe had been laid 
open to the Chinese ; their system of astronomy and methods of computation had 
at length overcome the scruples of the native mathematicians ; the Astronomical 
Board was placed very much under their control, and the native methods, which 
had continued to be used till the end of the Ming dynasty, were now fairly supplanted 
by the western rules. Under these circumstances, the young Emperor Kang-he, who 
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assumed the reins of Government at the age of fourteen, was brought in some 
measure under the tutorage of the foreign missionaries, and being naturally gifted 
with a high degree of intelligence, he readily entered into the spirit of their instruc- 
tions, and became deeply imbued with a love for science in all its bearings. 

Duriug the brilUant reign of this emperor, men of genius were attracted from the 
remotest comers of the Empire, by the splendours of the imperial court and the 
encouragement oflTered to the devotees of Science ; among others, appeared a man 
of no ordinary mental standing (1) Mei Wuh-gan,* a native of Hwuy-chow ; not 
however in the character of an aspirant for oflBce, or as a mere candidate for 
imperial favour, for being zealously attached to the interests of the Ming dynasty, 
he steadily refused, to the end of a long life, every offer to enter the service of 
their successors. 

With this man, the emperor held frequent consultations on subjects congenial 
to the minds of both. Mei had become thoroughly conversant with the works of 
the foreigners, as is evident from the voluminous writings he has left behind him ; 
but his shrewd mind did not allow him to stop here, for on ransacking the stores 
of antiquity, he came to the conviction that in overestimating the merits of the 
missionaries, his countrymen were unjustly neglecting the ancient native works ; 
and that in fact there was very little in the recently introduced theories, which 
they had not themselves possessed for centuries before. This assertion Mei 
proceeded to prove and illustrate by extensive quotations from the remaining 
works of the ancients, and it was probably owing to the development of this fact 
in a great degree that we may Ascribe the causes of the foreigners so soon after 
having declined in favour at the imperial court ; for in a large mathematical work, 
the (2) Leuh leih yuan yuen, compiled by the personal eflforts of Kang-he and his 
chief councillors, and published soon afterwards, the influence of such views is 
clearly to be traced. In one of the introductory chapters to that work, after 
acknowledging their obligations to Eicci, Schaal, Verbiest and other foreigners, for 
the good service they had rendered towards the perfection of the numerical sciences, 
the question is suggested, — Whence did these foreigners originally gain their 
knowledge? and the answer is complacently given, — that it has flown abroad 
from the Central land. The scanty notices of celestial phenomena recorded in the 
histories of the earl}' monarchs are held to be confirmatory of this view ; and if few 
written evidences of the flourishing state of science at that period, have come 
down to the present age, the cause is to be attributed to that catastrophe in the 
history of literature, the burning of the books by Che Hwang-te, the first 
emperor of the Tsin dynasty t above two centuries before the Christian era. 
Fortunately we are told, during the palmy days of the sages, when the transforming 
influence of the Central Kingdom had extended to the uttermost bounds of the 

♦ The figures in f arenthesis refer to Plate V., on which the Chinese names occurring in this p.iper have kindly been copied by 
Prof. Schjellerup.— Ed. 

t For a notice of this e^-ent, see Williams* "Middle Kingdom," Vol. 2, p. 212. 
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habitable earth, their books on science had been translated into the languages of 
foreigners, and hence it happened that when all the native books were consigned 
to the flames, the foreigners became the sole depositories of these valuable treasures, 
the veritable productions of the celestial sages. In this way, the superiority of 
foreigners, where admitted, is ingeniously accounted for. 

One may be inclined to smile at the statement above set forth, and if the assertion 
of some modern writers be correct, it will be perfectly legitimate to do so. If 
however instead of despatching the subject in that summary style, we take the 
pains to enquire how far Chinese authorities may be trusted in the matter, we may 
find that as a practical question, it is deserving of investigation, and facts may be 
brought to light which will show that the Chinese had some knowledge of 
mathematics at a very early date. 

To ascertain the actual state of arithmetic among the Chinese, it might be 
suflScient to run over the contents of some of the principal modern publications on 
that science ; but as they have confessedly gained something from the Roman 
Catholics during the past two centuries, and previous to that time, their intercourse 
with the Arabians during the Yuen dynasty, doubtless added to their stock of 
mathematical acquirements, it will be interesting to discover somewhat respecting 
the state of their knowledge anterior to these successive accretions. 

Setting aside the vagaries of Fo-he, as little to the purpose, the earliest definite 
notice of the science of numbers is to be met with in the (3) Tung Keen Kan muh, 
" General History of China," where it is stated, under the reign of (4) Hwang-te, 
that he caused his minister (5) Le-show to form the (6) Kew chang, " nine sections 
of Arithmetic." Many other improvements are attributed to this monarch, and 
among them the Sexagenary cycle. Although there is much vagueness about 
records of that early period which is scarcely admitted within the range of 
authentic history, yet it is a remarkable fact, that the present chronological era of 
cycles dates its commencement from the 61st year of that emperor (B.C. 2637.) 

The Nine Sections attributed to Hwang-te have formed the nucleus of arithmetical 
science in China, and although it would be difficult to conjecture how far the 
ancient sage was acquainted with the substance of these sections or whether indeed 
it would be true that they ever came under his notice, the work has been handed 
down to us with abundant evidence from a very remote period and has been largely 
expounded and illustrated by an almost unbroken succession of authors down to 
the present day. 

The history of (7) Yaou has been frequently quoted to show that the Chinese 
had made a considerable advancement in science by his time (B.C. 2300). From 
the (8) ShoO'King we learn that he had a Board of Astronomers for making the 
calculations and forming a calendar with a view of the motions of the heavenly 
bodies, that the solstices and equinoxes were marked, and that the length of the 
year was known within an hour of true time. All this indicates that some attention 
was paid to the science of numbers. 
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But the document which can be traced with certainty to the greatest age, in 
which we have any detail of mathematical principles, is a brief dialogue held 
between the famous (9) Chow Kung and a nobleman of the recently vanquished 
Shang dynasty named Kaou, generally known aa (10) Shang Kaou, about B.C. 1 1 00. 
It is entitled the (II) Chow-pe, Thigh-bone of Chow.* As it is an object of some 
interest on account of its great antiquity, the translation is here given of the first 
section, which forms an epitome of the whole. 

" 1, Formerly, Chaou-Kung, addressing Shang-Kaou, said, — I have heard it said, my lord, that you 
are famous at numbers, may I venture to ask you how the ancient Fo-he established the degrees of the 
celestial sphere ? There are no steps, by which one may ascend the heavens, and it is impracticable to 
take a rule and measure the extent of the earth ; I wish to ask then how he ascertained these numbers ? 
2, Shang-Kaou replied, — ^The art of numbering originates in the cii*cle and quadrangle. 3, The circle is 
derived from the quadrangle. 4, The quadrangle originates in the right angle. f 5, The right angle originates 
in the multiplication of the nine digits. 6, Hence, separating a right angle in its component parts, if the 
base be equal to 3, and the altitude to 4, a line connecting the farther extremities will be 5. 7, Square 
the external dimensions, and half the amount will give the area of the triangle. 8, Add together all the 
sides and the result will equal the sum of 3, 4 and 5. 9, The square of the hypothenuse being 25 is equal 
to the squares of the two short sides of the triangle. 10, Thus the means by which (14) Yu restored order 
throughout the empire was by following out the principles of these numbers. 1 1 , Chow-Kung exclaimed, — 
How truly great is the theory of numbers ! May I ask what is the principle of the use of the rectangle 1 
12, Shang-Kaou replied, — The plane rectangle is formed by uninclined straight lines. 13, The direct 
rectangle is used for observing heights. 14, The reversed rectangle is used for fathoming depths. 15, 
The flat rectangle is used for ascertaining distances. 1 6, By the revolution of the rectangle, the circle 
is formed. 17, By the junction of rectangles, the square is formed. 18, The square pertains to earthy 
the circle belongs to heaven, heaven being round and the earth square. 19, The numbers of the square 
being the standard, the dimensions of the circle are deduced from the square. 20, The circular plate is 
employed to represent heaven ; the celestial colours are blue and black, the terrestrial are yellow and red ; 
the circular plate is formed according to the celestial numbera ; it is blue and black outside, red and 
yellow inside, in order to represent the celestial and terrestrial stations. 21, Therefore he who understands 
the earth is a wise man, he who comprehends the heavens is a sage. This knowledge begins with the 
straight line, the straight line is a component part of the rectangle, and the numbers of the rectangle are 
applicable to the construction of all things. 22, Chow-Kung exclaimed, Excellent indeed ! " 

The sentences are numbered here for convenience in reference. Several things 
deserve attention. In 3 there is allusion to the quadrature of the circle ; 4 and 5 
refer to plane mensuration ; 6 gives the ratio of the hypothenuse to the short 
sides of a right angle triangle ; 7 states that a quadrangle bounding the three angles 
of a triangle contains double the area of said triangle ; 8 states the whole to be 
equal to the sum of the several parts ; 9 is the well-known 47th proposition of the 
1st book of Euclid ; 13, 14 and 15 show that the author understood the application of 
trigonometry to the measurement of distant objects; 16 gives the fundamental 
principle upon which the area of the circle is calculated ; the circular plate mentioned 
in 20 seems to have been some ancient instrument for representing the appearance 
of the heavens and the earth, the form of which is not very well understood now. 

* This name which at first sight appears a little outref receives its explanation from the two characters (12) Kew-Koo osed 
to designate the base and altitude of a triangle, and which mean originally the Leg and Thigh. It may call to mind also a similar 
device in our English term, Napier's Bones. 

f The term right angle is used here to designate (13) Kew-Koo, two short sides of a right angle triangle. 
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At the 11th page of the 2n(l book of the (15) Chotu-le, Chow Ritual, the authorship 
of which is attributed to Chow-Kung, in the list of the officers of instruction, the 
duties of the Royal Tutor are said to be, " to train up the eldest sons of the prince 
and the nobility, in the six arts, to wit, the 5 classes of rites, the 6 kinds of music, 
thQ 5 laws of archery, the 5 descriptions of carriage driving, the 6 rules of 
writing and the 9 methods of numbering." The 9 methods of numbering are 
explained by the commentators to be the Kew-chang or Nine Sections. 

With the exception of an occasional allusion in the ancient classics, we have little 
fiirther respecting the science previous to the great conflagration, when Che Hwang- te 
ordered the destruction of all the native books. Subsequent to this period, the 
works are too numerous to admit of recording even their titles ; a brief notice of 
some of the most prominent must suffice. 

About a century before the Christian era (16) Chang Tsang published the (17) 
KeW'Chang sioan shuh, " Arithmetical rules of the nine sections," which professes to 
embody the principles of arithmetic employed by the Royal Tutor during the 
Chow dynasty. It is not given forth however as an original composition, but 
merely pretends to be a revised and corrected edition of a much older work, the 
author of which is now unknown. The work has been preserved by successive 
editions down to the present time ; but it is now extremely rare ; it is probably 
the oldest exemplar of the Kew-chang extant. Commentaries have been written on 
it by several authors. 

During the third century (18) Sun-tsze, an author of considerable note published 
his (19) Swan King, "Arithmetical Classic." This work is refen-ed to by almost 
every subsequent writer on the subject. Several commentariss have been written 
on it. 

About the same time also appeared (20) Shuh soo Ke e, " Record of rules and 
calculations," by (21) Sew Kew, which has been explained and commented on by 
succeeding authors. 

Before the sixth century (22) Hea How-yang published his (23) Swan King 
'* Arithmetical Classic," in which he broached some innovations on ancient practice, 
not confining himself strictly within the limits of the Kew-chang^ which had been 
invariably followed by all his predecessors. 

About the fifth century (24) Lew Hwuy published (25) Chang cha Keae tsih wang 
che shuh, '^ The whole system of measuring by the observation of several beacons." 
This was republished in the eighth century under the title of (26) Hae taou Swan 
King, " The island arithmetical classic," the name being adopted from the first 
problem in the book which is on measuring an island from a distance. 

(27) Woo Tsaou who was about contemporary with the two preceding wrote a 
(28) Sican King, " Arithmetical classic," which is much referred to. 

At the beginning of the seventh century a treatise on trigonometry was published 
by (29) Chaou Tchwang, called the (30) Chow pe Swan King, "Arithmetical classic 
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of the Chow trigonometry." This however is said to be but a subsequent edition 
of a very much older work, which is looked upon as the original native production 
on trigonometry. 

In the seventh century (31) Chin Lwan wrote a treatise called the (33) Woo 
King Swan shvh, " Arithmetical rules of the Five classics," embodying the various 
problems alluded to in the Yih-King, Shoo-King^ She-King, Le-Ke, Chun-tsew, 
HeaoU'King^ and Lun-yu. A commentary was written on this work by (33) 
Le Chun-fung. 

About the same time as the preceding (34) Chang Kew-Keen wrote his (35) Swan- 
King^ ''Arithmetical classic," the conciseness of the text of which, it is said, renders 
it difficult to be understood. Several authors of celebrity have undertaken to 
write commentaries on and illustrate it. 

Towards the close of the eighth century (36) Wang Heaou-tung, an imperial 
librarian during the Tang dynasty, issued his (37) Tseih Koo Swan King, "Arith- 
metical classic of ancient formulsB," with a commentary by himself; it consists of 
20 problems on solid mensuration, in illustration of the 5th of the nine sections. 
The text is said by natives to be veiy abstruse. An edition of this work was 
published at Soo-chow in 1803 with all the problems worked out at full length and 
explained by (38) Chang Tun-jin. 

During the Tang dynasty a Buddhist priest named (39) Yih-hing was raised to 
power in consequence of his mathematical attainments. His works on Astronomy, 
Arithmetic, Variation of the magnetic needle, and kindred subjects have gained him 
a lasting reputation. It was probably about or before this time that the Chinese 
received what little they seem to have got from India. Several of the highest 
terms in their series of numbers evidently bespeak an Indian origin as (40) 
Hang-ho-shaou, literally ''Sands of the Ganges,"^ 10,000,000,000,000,000,000,000, 
000,000,000,000,000,000,000,000,000,000, extending to 53 places of figures, (41) 
A'Seng-che, reaching to 57 places, &c. 

During the Sung dynasty, which lasted from 950 to 1280, several authors of 
note appeared, among others (42) Tsin Kew-Chaou about 1210 published the 
(43) Soo shoo Ketc chang, " Nine sections of the art of numbers." 

Ten years later (44) Yang Hwuy published a work entitled (45) Tseang Keae 
Kew chang swan fa, " Explanation of the arithmetic of the nine sections." besides, 

(46) Tseang Keaejih yung swan fa, " Explanation of arithmetic for daily use," and 

(47) Siting choo tung pien pun muh ''Complete treatise on the mutations of 
multiplicatioii and division." The works of the last mentioned two authors were 
republished in Shanghae three years since [in 1849]. 

At th ecommencement of the Yuen dynasty, about 1300 (48) Ko Show-king made 
considerable improvements on the methods of calculation hitherto adopted. The 
introduction of spherical trigonometry is ascribed to him, and although his 
production is now lost, there is still a work published in the Ming dynasty, called 
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(49) Hoo she swan shnh, " Arithmetical rules for arcs and versed-sines," embodying 
his principles with illustrations.* 

During the Yuen dynasty (50) Ley Yay published (51) Tsih yuen hoe King, 
*' Mirror of the mensuration of circles," in which a species of algebra is applied to 
the solution of problems in trigonometry. While this dynasty was in power, it is 
probable that some improvements may have -been introduced by the Arabs, as we 
know that they held much intercourse with China at that time. 

. It appears however that many of their books on science which they introduced 
were not translated into the native language, and consequeirtly remained a dead 
letter after they were bequeathed by their original possessors. Some of these were 
found in the imperial library on the accession of Hung Woo, the founder of the 
Ming dynasty. This monarch employed two of his ablest scholars with the aid of 
Mahomeddan oflficers to translate them, but the subject was altogether so foreign 
to their attainments and the terms employed beyond their comprehension, that 
there is reason to think that the result ot theu- labour would be but an unprofitable 
production. When they had completed their task, the book was called (52) Keen yuen 
seen shing che shoo '* Book of the former sages on the Celestial origin." This book 
is now unattainable, but there is ground to believe that it was the translation of 
some works on Algebra. 

In the earlier part of the Ming dynasty, arithmetical science seems to have 
been at a very low ebb, scarcely any work of importance having appeared, although 
several books were written on the manipulation of the abacus and its application 
to the various formulae ; so that on the arrival of the Jesuit missionaries in the 
seventeenth century, their recently perfected theories had the advantage of 
comparison with the native science at one of the most unfavourable periods of its 
history. 

It is by no means an easy task to arrive at the exact meaning of most of the 
books here mentioned, for little assistance towards their interpretation can be gained 
from the ordinary run of teachers ; few general principles are given, but they are 
left to be deduced from a variety of examples, and these for the chief part are 
stated with most perplexing brevity, besides being burdened with a number of 
obsolete terms and antiquated alludons ; a separate rule is generally given for 
every problem, but a careAil analysis of the various examples will enable the 
student to gain an insight into the principles they illustrate. 

Those who are fond of tracing the origin of numeral characters will probably 
find in these records a strong corroboration of the digital theory, or that which 
assigns the number of fingers on the hand, as the foundation of decimal notation. 
In this respect the ancient Chinese characters approximate to the Eoman 
numerals. It has been erroneously stated by some authors that the Chinese have 

* It is aaeerted in Huiray's China Vol. 3, page 259, that previous to his time the ratio of the circamferenoe to the diameter of 
the circle had not been known nearer than 8 to 1. This is a mere figment 
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used the (53) Swan pan, or abacus, from time immemorial^ whereas its introduction 
appears to be of but comparatively recent date. In ancient times, calculations were 
carried on by means of (54) Show or tallies made of bamboo, and the written 
character is evidently a rude representation of these. From 1 to 5 the numbers 
are represented by the respective number of parallel strokes ; from 6 to 9, inclusive, 
one stroke is drawn to represent 5, and the additional number is represented by so 
many strokes perpendicular to it, thus, ||| 8, J_ 6, |""| 7.* Having thus obtained a 
simple but sufficiently efiective system of figures, we find the Chinese in the actual 
use of a method of notation depending on the theory of local value several centuries 
before such theory was understood in Europe, and while yet the science of numbers 
had scarcely dawned among the Arabs. 

In the Penny Cyclopaedia, vol. 2, p. 338, it is said, — "The Chinese have no 
written method of expressing local value, though their SuHin pan is a practical use 
of the principle." Sir John Davis in a paper read before the Asiatic Society in 
1823 stated, — ''The Chinese possess no real science of their own, and that they 
obtained none from the Hindus, is, I think, proved by the readiness with which they 
adopted that of the Europeans." This remark he goes on to support by several 
arguments, and he has been frequently quoted as an authority by writers on the 
subject. Again, the same author in his interesting work on the Chinese, voL 2., 
p. 283, remarks, — " The Chinese numbers are written in words at length, that is, 
unlike the Arabic system of numeration, where the powers of the numbers increase 
or diminish decimally according to position," an example from any native work 
will be a sufficient reply to the above statements. The following is taken at 
random from the works of Tsin Kew-chaou of the Sung dynasty, and is a fair 
specimen of the the ancient notation : — 

1 = 0^ Hill = T I = PI 

T X III! JL X . 
in this subtraction sum it will be seen at a glance, that the author had the same 
view with regard to local value, including the use of the cypher, as that universally 
adopted by modern civilized nations ; the above sum in European figures stands 
thus, — 

1,470,000 
64,464 



1,405,536 
it is taken out of the middle of a complicated problem. 

• We find an incidental evidence of Ije antiquity of these BTmbola in the 88rd Vol. of the TMo^hum, a historical work written 
by a disci^e of ConfuBciua five centjmee before the Christian era, where it is sald-In the SOth year of Seang K ^7^ oWm^ 
being asked his age, replied— I am bnt a humble individual and unable to compute years ; I only know temtid^^T^^ SS 
I was born, thiitit was on the first day of the cycle in the first month, from which to the p^t t?me, traj^^Iac W 
third, have elajwed. On hearing this, the enquimr repaired to the palace for a solution ; to which the Recorder S Su^ 
The charact^ (66) Hae has 2 for its head, 6 for its body, the two lower limb, resembling the body, which is the numS of davk 
Sze Wan-pih rejoined. Then his days are 2,666 decades. The antique form of the character will make this cfeiSSr If ^ 

analyze this figure we find it oompofled of ^ 2 for the head, J. 6 for the body, while the two lower members are each tT 
Beversmg the tigure of the symbol does not alter its power. «ui«w8 are eacn | if. 
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In the old arithmetical works, no initiatory rules are given corresponding to our 
Addition and Subtraction ; but these are supposed to be understood by the student, 
before commencing his methodical application. They have indeed the words (57) 
Keafa addition and (58) Keen fa subtmction, but the reader must be careful not 
to confound these with the notions which the same terms convey to us. The 
Chinese Kea ya is a substitute for our multiplication, performed by successive 
additions to the original sum, while Keen fa is a substitute for division ; each of 
these are divided into five or six rules, the main feature of which consists in 
reducing the first figure of the working factor to unity, and treating the remaining 
figures as aliquot parts. The English idea of addition is conveyed by the words 
(59) HOf or (60)Pi7igr, " to combine." And here it may be remarked that in the modem 
use of many of the terms there is an obvious deflection from the ancient meaning 
of these same terms, the cause of which will be explained by subsequent remarks 
in this paper. 

Their (61) Shing fa, Multiplication is the same in theory as ours, but instead of 
beginning at the right hand as we do, they begin at the left. Multiplication by a 
single figure is called (62) Yin. 

Division by a single figure is termed (63) Kwei ; where the divisor consists of 
more than one figure, or long division, it is called (64) Choo ; these terms however 
do not cover the same extent of meaning as our word Division ; they merely apply 
to division by concrete numbers, which as the word Choo implies, is in theory the 
same as repeated subtraction ; division by abstract numbers or where a number is 
divided into any number of equal parts is expressed by (65) Yo. The working 
factor, whether multiplier or divisor is called (66) Fa ; the worked factor whether 
multiplicand or dividend is (67) Shih ; a single multiplication of the divisor in a 
division sum is termed (68) Shang. 

The ancient Kevxhang consists of 246 problems in all, distributed under the 
following nine heads : — 

I. {%d) Fang-teeUy Plane mensuration; which contains besides an exposition of 
multiplication and division, a series of examples with rules attached for measuring 
fields of various forms, quadrangular, triangular, circular, semi-circular, segment, 
annular, &c. The rule given for measuring the triangle is to multiply the base by 
half a perpendicular dropped from the opposite angle, or the converse of this. 6 rules 
are given for finding the area of the circle : — 1. Multiply semi-circumference by 
radius ; 2, Take § of square of semi-circumference ; 3, Take a twelfth of square of 
circumference ; 4, Take ^ of 3 times the square of diameter ; 5, Take J of product 
of diameter and circumference; 6, Take 3 times square of radius. Although the 
ratio of the circumference to the diameter of the circle is here set down at 3 to 1, 
native authors tell us that it was not that the compiler was ignorant of a much 
closer approximation to the true value, but the necessities of the case did not require 
it ; in the (70) Meih suh of (71) Tsoo Chung-che, published about the end of the 
VOL. II. 2 A 2 
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6th century it is set down at 22 to 7, while Lew Hwuy still earlier, gives it 157 to 
50. Two rules are given for segment fields ;— 1, Add the product of the sine and 
the versed-sine to the square of the versed-sine and halve the sum ; 2, Multiply the 
sine and versed-sine and halve the amount. Two rules are given for anndar 
fields : — 1, Multiply half the sum of the outer and inner circumferences by the 
diameter ; 2, Take a twelfth of the difference between the respective squares of 
the outer and inner circumferences. 

IT. (72) Shuh-poo, Proportion. This section is chiefly occupied with Kule of 
three questions, on the comparative value of grain of divers kinds and qualities* . 
The various weights and measures are all regulated by the Hwang tsung, one of 
the musical tubes, which is divided into 90 parts in length, one division forming a 
Jiin (line), 10 fun, 1 tsun (inch), 10 tsun, 1 ahth (foot), &c. The Hwang tsung 
contains 1200 grains of rice, and 10 of these tubes full are equal to a ^ ; 10 Ao are 
equal to a shing (pint), &c. The 1200 grains contained in the Hwang tsung are 
equal in weight to 12 cfuH) (penny-weights) ; 24 penny-weights make a leang (ounce) ; 
16 ounces make a kin (pound), &c. 

III. (73) Shvjaefu7i, Fellowship. This section teaches the division of property 
among several partners, in unequal shares, such as the relative proportions of 4 to 
6, 2 to 8, 3 to 7, &c., in continued progression. 

IV. (74) Shaou-Kwang, Evolution. The object of this section is to elucidate the 
extraction of the square and cube roots, which it does in a series of 24 problems, 
where the principles are applied, not merely to equilateral squares and cubes, but 
also to parallelograms and parallelopipeds of every possible dimension. The rules 
are very much the same as those in use at the present day in school-books in 
England, while the arrangfement of the nomenclature certainly does not suffer by 
comparison with our system ; for the various parts of the process taking their 
names from the geometrical figure, the operator is enabled to see at every step, the 
particular object of what he is performing. The next lower term to the given 
power is called (75) fa7ig (square) ; in the cube, the next term is the (76) leen 
(angle or line^ ; while the lowest in each is the (77) yu (comer or unit). There is 
no reference to any higher power than the cube. 

V. (78) Shang-Kung, Solid mensuration. This section treats principally of the 
calculation of public works, such as building walls and fortifications, raising turrets 
and mounds, excavating pits and fosses, the rules being applied to ascertain 
the cubic measurement of all rectilineal bodies where the surfaces are not 
at right angles to each other, or where a mean is required between two 
dimensions, such as the prism, the pyramid, the cone, and their respective fiiistra, 
&c., &c. ; but the application is not confined merely to substances, or even spaces, 
for several problems are given on the comparative speed of different kinds of 
travelling, on foot, on horseback, and by boat ; also the comparative qualities of 
labour, &c. ; all worked out on the same fundamental principle. 
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VL (79) Keun-shoOy Alligation. The main object of this section seems to be the 
levying of an average impost, according to the amount of land, the number of the 
population, the distance and the portability of the tribute ; it is also applied to the 
mixture of various articles differing in price, so as to attain a given standard, and 
to find the respective numbers of several kinds in a given assemblage. The 
following is one of the examples of the last-mentioned division : — Suppose there are 
a number of rabbits and pheasants confined in a cage, in all 35 heads and 94 feet : 
required, the number of each? — Ans., 23 pheasants, 12 rabbits. 

. VII. (80) YiriHfhuhy Surplus and deficiency. This consists of a kind of proportion, 
where the required sum is obtained through the relative ratios of the remainder or 
deficiency of two series ; the questions take the following form : — A number of men 
bought a number of articles, neither of which are known ; it is only known that if 
each man paid 8 cash, there would be a surplus of. 3 cash ; and if each man paid 7 
cash, there would be a deficiency of 4 cash ; required, the respective numbers ? — 
Ans., 7 men, 53 articles. 

VII. (81) Fang-ching, Equations. This section is remarkable as containing an 
exposition of the use of the terms (82) ching (plus), and (83) foo (minus). In a 
series of 18 problems, it gives the method of ascertaining the value of unknown 
quantities, from certain conditions of combination, depending on the number of 
terms in the equation. The following is one of the simplest examples : — If 5 oxen 
and 2 sheep cost 10 taels of gold, and 2 oxen and 8 sheep cost 8 taels ; what are 
the prices of the oxen and sheep respectively ?— Ans., each ox, 1 tael and |f ; 
each sheep, f^ of a tael. 

IX. (84) Kew koo^ Trigonometry ; this section is illustrated by 24 problems, 
some of which are curious in themselves, and a selection is here given, preceded by 
the corresponding rules, from which, the character of the whole may be judged. 
Nothing is attempted beyond the right-angled triangle, the capabilities of which 
however, are tolerably well exhausted. In the following examples, let a represent 
the base, h the altitude, and c the hypothenuse.t 

1. Given, the difference of altitude and hypotheniuse, and the base, to find the altitude. 

(a2 _ r^) -T- 2^116 = b 

Ex. There is a pool 10 feet square, with a reed growing in the centre, which rises a foot above the 
surface ; when drawn towards the shore, it reaches exactly to the brink of the pool ; what is the depth 
of water? Ans. 12 feet 

2. To find the hypothenuse. 

{a^-'+ c"ir6^) -r- 2nrj =x e 

* It is not pretended that the names here giren are a translation of the Chinese characters ; they have been adopted from an 
analysis of the several rules, and although these do not exactly correspond with the rules of the same name in Western treatises, 
yet as there is generally a near approximation it has been thought more convenient to use them than to transfer the sounds of the 
characters, or to give a literal translation ; as for example these would read : — 1, Squaring fields. 2, Rice and mone^. 8, Declining 
divisions. 4, Paucity of breadth, &c. 

t Algebraic symbols are used here for the sake of brevity ; it is not meant to imply that these are in the original 
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Ex. On opening a two-leaved door, when the inner edge of the leaves are a foot from the door-frame, 
there is an opening of 2 inches between the leaves ; what is the width of the door ) Ans. £ach leaf, 50^ 
inches. 

3. Another method. 

£x. A chain suspended from an upright post has a length of 2 feet lying on the ground, and on 
being drawn out to its full extent, so as just to touch the ground, the end is found to be 8 feet from the 
post \ what is the length of the chain % Ans. 17 feet. 

4. Another method. 



{(D'^T^}^'-^-'- 



Ex. There is a circular beam of wood in a wall, the dimensions of which are not known, but on 
inserting a saw, it is found that when it has entered an inch in depth, the saw-cut is a foot in length ; 
what is the diameter of the piece of wood ? Ans. 2 feet 6 inches. 

5. Given, the sum of the altitude and hypothenuse, and the base, to find the altitude. 



6 + c - {a« -f- 6 + c t _ J 

Ex. There is a bamboo 10 feet high, the upper end of which being broken down, on reaching the 
gix>und, the tip is just 3 feet from the stem ; what is the height to the break ) Ans. 4^ feet. This 
problem is said to be contained also in the Indian mathematical work Brahm^upta (see Journal 
Asiatique, Mars 1839). 

6. Given, the base and altitude, to find the sum and difference of these and the hypothenuse. 



2a6 -f- c H- a -f 6 

Ex. What is the diameter of the largest circle that can be inscribed within a right-angled triangle, 
the two short sides of which are respectively 8^15. Ans. 6. 

Such is a very superficial outline of this venerable memento of a bygone age. A 
curious characteristic deserving of notice, is the fact that every section and 
subdivision commences with a stanza of rhyme, embodying on a general way the 
rule in question ; the meaning is not very apparent on the surface, but the quaintness 
of the phraseology is calculated to fix them on the memory ; and on a minute 
inspection, it will be seen that they contain in a concise form, the leading ideas 
which they are intended to convey, very accurately expressed. 

In examining the literary productions of the Chinese, one finds considerable difii- 
culty in assigning the precise date for the origin of any mathematical process ; for on 
almost every point, where we consult a native author, we find references to some still 
earlier work on the subject. The high veneration with which it has been customary 
for them to look upon the labours of the ancients, has made them more desirous of 
elucidating the works of their predecessors, than of seeking fame in an untrodden 
path ; so that some of their most important formulae have reached the state in 
which we now find them by an almost innumerable series of increments. One of 
the most remarkable of these is the (85) Toryen, " Great Extension," a rule for the 
resolution of indeterminate problems. This rule is met with in embiyo in Sun 
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Tsze's Arithmetical Classic* under the name of (86) Wuh puh che soo, " Unknown 
numerical quautities," where after a general statement in four lines of rhyme, the 
following question is proposed : — 

Given an unknown number, which when divided by 3, leaves a remainder of 2 ; 
when divided by 5, it leaves 3 ; and when divided by 7, it leaves 2 ; what is the 
number? Ans. 23. 

This is followed by a special rule for working out the problem in terms suflSciently 
concise and elliptical, to elude the comprehension of the casual reader ; — 

Dividing by 3 with a remainder of 2, set down 140; dividing by 5 with a 
remainder of 3, set down 63 ; dividing by 7 with a remainder of 2, set down 
30; adding these sums together gives 233, from which subtract 210, and the 
remainder is the number required. 

A more general note succeeds : — 

For 1 obtained by 3, set down 70 ; for 1 obtained by 5 set down 21 ; for 1 
obtained by 7, set down 15 ; when the sum is 106 or above, subtract 105 from it> 
and the remainder is the number required. 

In tracing the course of this process, we find it gradually becoming clearer, till 
towards the end of the Sung dynasty, when the writings of Tsin Keu-chaou put us 
in full possession of the principle, and enable us to unravel the meaning of the 
above mysterious assemblage of numerals. Applying the principles of the Ta-yen 
as there laid down : — Multiplying together the three divisors 3, 5 and 7, gives 
105 for the (87) Yen-Tnoo, "Extension parent." Divide this by the (88) Ting-moo, 
''Fixed parent '^ 7, the quotient 15 is the (89) Yenrsoo, "Extension number." 
Divide this again by 7, and there is an overplus of 1, which is the (90) Ching-suh, 
"Multiplying term ; " by which multiply the Extension number 15, and the product 
15 is the (91) Yung-soo, "Use number," or as is given above,— for 1 obtained by 
7 set down 15. Divide the Extension parent^lOS by the Fixed parent 5, and the 
quotient 21 is the Extension number. Divide this again by 5, and the overplus 1 
is the multiplying term. Multiply the Extension number 21. by this, and the 
product 21 is the Use number; which is given above, — for 1 obtained by 5 set 
down 21 . Divide the Extension parent 105 by the Fixed parent 3, and the quotient 
85 is the Extension number. Divide this again by 3, and there is a (92) Ke, 
'* Remainder " of 2. This Remainder, being more than unity, is then submitted to 
a subsidiary process, termed (93) Keu Yihj " Finding unity " which is the alternate 
division of the Extension parent and Remainder by each other, till the remainder 
is reduced to one ; the result in the present instance is 2 which is the Multplying 
term ; by which multiply the Extension number, and the product 70 is the Use 
number ; which is the meaning of the sentence, — ^for 1 obtained by 3 set down 70. 

* Natire writera are divided in opinion as to the time when Son Tsse lired ; some conaidfir liim the same as Sun Woo-tsze, a 
military officer daring the Heptarchv aboat B.C. 220. The more probable opinion however is that he lived towards the end of the 
Han or during the Wei dynasty in the third century of the Christiaa era. 
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Having thus obtained the several Use numbers, multiply the corresponding 
original remainders by these :— 

70 X 2 = 140; 21 X 3 = 63; 15 X 2 = 30, 

add these three numbers together as stated in the rule and the sum is 233 ; from 
which subtract as many times the parent number 105 as it will admit, which 
making 210, the remainder is 23, the number required. 

The general principles of the Ta-ye^i are probably given in their simplest form in the 
above rudimentary problem of Sun Tsze. Subsequent authors, enlarging on the idea, 
applied it with much effect to that complex system of cycles and epicycles which 
form such a prominent feature in the middle-age astronomy of the Chinese. The 
reputed originator of this theory as applied to astronomy is the priest Yih Hing 
who had scarcely finished the rough draft of his work (94) Toryefn Uih shoo, when 
he died A. D. 717. 

But it is in the *' Nine sections of the art of numbers '* by Tsin Keu chaou that 
we have the most full and explicit details on this subject. Here we have the 
various applications of this theory worked out at great length ; the first problem 
being to find a solution of a passage in the Yih King treating of the origin of the 
divininor numbers: — 



'o 



Qu. In the Yih King it is said, — ' The Great Extension number is 50, and the Use number is 49.' 
Again it is said, — ' It is divided into 2, to represent the 2 spheres ; 1 is supposed to represent the 3 powers ] 
they are drawn out by 4, to represent the 4 seasons ; three changes complete a symbol, and ei^^teen 
changes perfect a diagram.' What is the rule for the Extension and what are the several numbers t 

The 4 cardinal numbers, 1 the senior male, 2 senior female, 3 the junior male, and 4 the junior, 
female, are used to start with as the Origin numbars. In a second row, opposite each number respedavely, 
is placed the product of the other three. 

Origin numbers, .... 1234. 
Extension numbers, . . . 24 12 8 6. 

The sum of these lower numbers gives 50, the Great Extension number alluded to in the text of the 
Tih King : 50 being an even number, and consequently unsuitable for the Use number, the Origin numbers 
are severally taken in pairs and common divisions sought ; where this is obtained, the number whidi gives 
an odd quotient is divided by it, but the other is not. The I'esult of this last operation gives the Fixed 
parent numbers, and the Extension numbers are obtained in the same manner as before. 

Fixed parents, .... 1 1 3 4. 
Extension numbers, . . . 12 12 4 3. 

Subtract from the respective Extension numbers, as many of the corresponding Fixed parents as they 
will admit, so as always to leave some remainder. 

Fixed parents, .... 1 1 3 4. 
Hemainders, 1113. 

The three Remainders 1 become the respective multiplying terms, and submitting the last remainder 
^ 3 to the process for Finding unity, the multplying term 3 is obtained. By these four terms multiply the 
respective Extension numbers, and the Expansion use numbers are obtained. 

Fixed parents, •.••1134. 
Expansion use, • ... 12 12 4 9. 






•rfLLLuAyfiiii.yuta V, 




Jottings on the Science of the Chinese, 183 

The second Origin number 2 having been reduced to 1 at the beginning, once the Extension parent 
12 is consequently added to the second Expansion number, and the Expansion numbers then become the 
Fixed use numbers, and stand as follows : — 

Origin numbers, .... 1 2 3 4. 
Fixed use numbers, . . 12 24 4.9. 

The four upper numbers here are those employed in drawing the divining straws. The sum of the 
four lower numbers is 49, which is denominated the Use number in the text of the Yih King, being the 
number of the straws being divided at random between the two hands, one hand containing an even 
number, the other must contain odd. In the present instance, the left hand is supposed to hold the odd 
number 33, though unknown by the enquirer. In drawing them out by one at a time, as it is known 
there must be a remainder of 1, the number 1 is suspended at first, ajs it ib said in the text, 1 is suspended 
to represent the 3 powers. The straws are then drawn in so many successive operations by 2, 3, and 4 
at a time, which give respectively the remainders 1, 3 and 1, and these are put down in three parcels, 
making the suspended 1, the fii'st parcel, we have then the following numbers : — 

Use numbers, . . . 12 24 4 9. 
Parcels, 113 1. 

Multiply these parcels by the respective Use numbers and the Full numbers are obtained. 
Full numbers, .... 12 24 12 9. 

Adding together these 4 numbers gives 57, from which subtract the Extension parent 12 as many 
times as it will admit and there is a remainder of 9, which make the dividend, and divide it by 3 the 
Extension measure, when the quotient 3 is the junior male, and represents the single stroke symbol. 

In this manner by changing the odd number in the left hand different symbols 
might be obtained. I, representing two whole strokes ; 2, representing one broken 
stroke ; 3, one whole stroke ; 4, one whole and one broken stroke. Such was the 
means employed in former times for diving into futurity ; the various diagrams of 
Fo'he being thus obtained were supposed to set forth the destiny of enquirers. 
Some knowledge of the Yih King is necessary to enable one to understand these 
diagrams which are evidently the relics of a very ancient system of divination. 

The 2nd problem is to find the epoch of conjunction of the terms of concurrent 
cycles of time. The question is given as follows : — 

Let the solar year be equal to 365^ days, the moon's revolution, 29|^ days, and the KeorUze 60 days. 
Suppose in the year A.D. 1246, the 53rd day of the Kea-tsze or sexagenary cycle of days is the 1st of the 
11th month ; the 57th day of the Kea-tsze is the Winter solstice or 1st day of the solar year; and the 
1st day of the Kea-tsze is the 9th day of the month. Required the time between two conjunctions of the 
commencement of these three cycles ; also, the time that has already elapsed and how much has yet to run. 
Ans. The time between two conjunctions, 18,240 years : 226,600 months: 6,662,160 days : number of 
years already past 9,163 ; number of years unexpired 9,077. 

The 3rd problem relates to the calculation of labour ; 4 companies of men 
varying in number being engaged in raising an embankment ; each company has 
an equal portion of work allotted to it ; the amount of the work is not stated ; but 
the force of each company and the quantity left lOafinished by each company after 
the last full day's work is given, from which it is rec[\^ired to find the gross amount 
of the labour performed. 

VOL. II. 2 b 
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The -Ith problem supposes 7 treasuries, each possessing an equal sum of money 
originally, but being continuously reduced by daily drafts differing in amount, on 
the respective funds ; the original stock and the number of days which the 
exhausting process has gone in each, are both unknown ; from the known daily 
drafts and the remainders, it is required to find the original sums. 

The 5th problem gives 3 agriculturists, having each an equal quantity of grain 
to dispose of; which being sold at 3 different places according to different measures, 
the respective surplus quantities over the full measures being given, it is required 
to find the whole amount. 

The 6th problem supposes 3 companies of troops proceeding to the capital, the 
daily rate of each, and the hours of the day at which they arrive being given, to 
find the original distance. 

The 7th problem refers to couriers of different speed, the daily rate of travelling 
being given, to find what would be the first place on the road, where both would 
halt for the night. 

The 8th problem is on erecting the basement for a building, with one of 4 different 
kinds of bricks, which the builder is at liberty to select at will ; the dimensions of 
the several bricks are given, with the surplus or deficiency in the gross dimensions, 
from which it is required to find the dimensions of the erection. 

The 9th problem is as follows : — 

A report being raised that 3 rice bins, each containing the same amount, haye been I'obbed, the 
original quantity is not known, but it is found that in the left hand one, there is 1 Ao left ; in the middlo 
one there is 1 ahing 4 ho left ; in the right hand one, there is 1 Ao remaining ; the thieves being caught, A 
confesses that he took a horse-ladle at night and filled it several times out of the left hand bin, putting the 
contents in a bag ; £ confesses having hastily taken a wooden shoe several times full out of the middle 
bin ; C says he took a bowl and filled it successively out of the right hand bin. Examining the three 
vessels, the horse-ladle is found to contain 1 ahing 9 ho ; the wooden shoe 1 shiny 7 Ao, and the bowl 1 
ahing 2 ho. What is the amount of rice lost, and how much did each take ? Ans. Lost 9 ahih 5 tow 6 
ahing 3 ho. Stolen by A, 3 ahih \ tow ^ ahmg 2 Ao j B, 3 ahih I tow 7 ahing 9 Ao ; C, 3 ahih I tow 9 
ahing 2 ho. 

The second division of Tsin's work is on the calculation of astronomical terms 
which are also worked out by the Tonyen. The 1st problem is how to calculate the 
(95) Key " time from the Winter Solstice to the end of the Kea-tszel^ for any given 
year. The 2nd is to calculate the (96) Jun^ " time to the Winter Solstice from any 
previous point in the 11th month/' for any year. The 3rd is on the computation of 
the various terms (23 in number) requisite for adjusting the inequalities of the 
annual, lunar, and diurnal revolutions, reduced from a period of 7,848,183 years. 
The 4th is on calculating the inequalities of the apparent motions of the planets. 
The 5th is on the comparative length of the shadow on the sun-dial. The remaining 
four questions of this division, on measuring the fall of rain, and the fall of snow, 
do not properly belong to the Ta-yen. 

At a time when astronomical instruments were far from having attained the 
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precision of the present day, and observations were at best but comparatively 
rude, it will be seen that the above calculus was one of considerable importance, as 
enabling the astronomers, by a kind of dead reckoning to fix the length of the year 
and the various astronomical periods. 

This appears to be the formula, or something very like it, which was known to 
the Hindoos under the name of the Cuttaca, or as it is translated '' Pulveriser,"* 
implying unlimited multiplication, which is not far from the meaning of the Ta-yen 
or " Great Extension." The process with its results, as found in the mathematical 
works of India, has engaged much attention in Europe, and given rise to some 
singular conjectures as to the antiquity of the Science. 

Considering the long period that the study of mathematics had been cultivated 
among the Chinese, one cannot feel surprised at their having attained a respectable 
proficiency in the use of numbers, while yet the science had scarcely obtained a 
footing in England ; nor would it be unreasonable to expect a much higher stage 
of development than actual evidence goes to prove. From the days of Chow King 
downwards, every age had furnished its quota of professors, each for the time 
looked up to by their respective disciples as master of the science par enkcellence ; 
but the extent of the various improvements on which they severally established 
their fame, merely amounted to matters of detail, while all paid homage to the 
Kew chang, in endeavouring to throw new light on its time-honoured formulae, or 
as they would say, to restore it in some degree to its pristine lustre. 

The close of the thirteenth century, however, brings to our notice an innovation 
on the long-prevalent monotony. At this period, we find a grand step made 
toward the theory of analysis, in the publication of the (97) Leih tien yuen yih, 
" Setting up the celestial monad,'' a new branch of Arithmetic, which may, with 
propriety, be termed the Chinese Algebra ; as indeed the identity has been clearly 
seen and stated by native authors several centuries later, when the European 
Algebra was introduced by the Roman Catholic missionaries. It is somewhat 
remarkable that we find this branch of Science introduced almost contemporaneously 
by three different authors, living far apart, under different monarchies, and 
apparently imknown to each other. In their works there is not the slightest 
reference to each other, and it is to be regretted that we have not some explicit 
detail of the circumstances which gave rise to their several productions. Each has 
treated the subject in a different manner, and seems to have concentrated his force 
on a part which is less dwelt on by the others. The first which appeared before 
the public was the work of Tsin Kew-chaou, alluded to above, in which the Monad, 
as a symbol of an unknown quantity, is employed in the Ta-yen; but the 
illustration of its advantages there is so feeble, that were the name omitted, one 
might easily pass it by without observing a new germ in the calculus. The 
capabilities of the element however expand as he approaches the subject of 

* See Edinburgh Reriew, November 1817; Art Arithmetic and Algebra of the Hindoos. 
VOL. II. 2 B 2 
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Evolution, and we find him resolving equations of the 6th, 7th, 8th degrees and 
upwards, with the greatest freedom and simplicity imaginable. Passing over that 
for the present, we shall find in the work of the next author, Leyay Jin-King, some 
elementally details better calculated to elucidate the theory. In the preface to 
the " Mirror of the mensuration of circles " he tells us that from his youth, he had 
given himself to the study of the (98) Tung yuen Kew yung ; but as modem native 
authors seem quite at a loss to know what that can be, the information is of little 
practical value. 

In the Tien yiien Yih, unity is employed as the representative of an unknown 
number ; this being combined with an extension of the theory of local value, in 
order to represent the successive powers of the Monad or unknown number. The 
Monad has the character (99) Yuen, written by the side of it, to distinguish its 
place in the column. Immediately below the Monad is the place for the natural 
number, which is marked by the character (100) Toe, implying that it is the place 
of the (101) Tae Keih, or extreme limit. Immediately above the Monad is the 
square ; next above is the cube ; again above, the fourth power, and so on upwards 
ad infinitum. Thus the equation x* + 15a;* + 66a; — 360 = would be written — 

I 1 cube of Mouad. 

\ M 15 square of Monad. 

T ± (99) 66 Monad. 

Ill T (100) — 360 natural number. 

In the above it is seen that the cube, square, &c., are all indicated by their 
relative position with respect to Tae, the characters being used only to express the 
co-efficients. In practice, the character Ynen is omitted when Tae is used ; or if 
Yuen be used, Tae is omitted. It is not a little remarkable, that while it has been 
gravely asserted by most respectable authorities in Europe, that the Chinese are 
ignorant of the meaning of local value, we find here on the contrary, that they have 
pushed the principle to a degree of refinement unpractised in the West. It may be 
noticed too that instead of the old form of writing the equation used in Europe, 
x^ + 15a:* + 66a: = 360, the method invented by Hariot, of placing all the 
significant terms on one side, is precisely that used by the Chinese some five 
centuries earlier, and although in itself but a variation in algebraical language, yet 
it is said by De Morgan to have been the foundation of most important branches 
of the science.* In Tsin's original work, positive and negative numbers are 
distinguished by the former being in red ink, and the latter in black ; and this 
custom seems to have been in use long before his time, for we find Lew Hwuy 
refening to it in the sixth century. It is said to represent the bamboo tally 
numerals used in ancient times. Le-yay was the first to introduce the diagonal 
stroke drawn through the right-hand figure, as above, which has been used ever 
since. The principle of the Tien yuen as given by these writers consists in 

* *' On the stndy and difficulties of Mathematics " by Professor De Morgan, p. 12. 
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expressing a compound numerical quantity called the (102) Ke tso, containing the 
unknown number involved to any degree, which term shall be equal to a given 
natural number, called the (103) Tung soo or (104) Yew soo. These two quantities 
being amalgamated, the resolution of the equation brings out the value of the 
monad or unknown number. Multiplication by the monad is accomplished by 
moving all the terms up one stage in the column ; if by the square of the monad, 
they are moved up two stages ; for the cube three stages and so on. If any of the 
places from Tae upwards happen to be left blank, they are supplied by cyphers. 
Of course, division is the inverse operation to the above, every term in the column 
being moved down a stage, two stages, three stages, &c., according to the power of 
the divisor ; the place next below Tae is the square root of the monad ; next is the 
cube root ; biquadrate root, &c., all follow in succession.* After the amalgamation 
of the two equivalents above mentioned, the designations which the various places 
in the column had retained during the operation, are all effaced, and the order of 
the series inverted, the lowest term in the column being moved to the top and vice 
versa ; the upper term then becomes the (105) Shih or sum of all the others ; if 
there is only one more term, it is called (106) Fa, the divisor; if there are 2 more, 
the second is called (107) Fang or (108) Tsung^ and the lower (109) Yu: for any 
greater number of terms, the Yu always remains at the bottom, and the additional 
terms are placed between it and the Fang, with the name of (110) Leen, according 
to their number beginning from Fang, as 1st leen, 2nd leen, &c. 

Having the various terms thus arranged, the unknown number is then released, 
by a simple process called by Tsin (111) Liyig lung Kae fang^ '' Harmoniously 
alternating Evolution," the knowledge of which in Europe is of very recent date. 
One example taken from a great number in Tsin's work will best illustrate this. 
It is required to extract the root of — 0:4 + 1534464a;* — 526727577600, or to find 
the value of x. 

720 (112) Sfiang. Value of a?, the Monad. 
^ 626727577600 (113) Shih. 

— 14940217600 
14940217600 



(114) Fang. 



731124800 



776249600 



747010880 
1534464 (116) Sh<mg4een, 



1044464 



64464 



- 1405536 



— 1461936 

* For the sake of simplicity, 1 is assumed as the co-efficient of these sereral powers, but it is obvious the principle is the same, 
any other nnmbers be used. 
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(116) ffea^een. 

^ 700 



— 1400 



— 2100 



— 2800 



- 2820 



- 1 (117) Yu. 



- 1 

In the above example, the several terms are set down with the Chinese names 
Shih, Fang, &c., against them, the units in each being 2 places more to the left than 
in the term above it, because there is found to be 3 figures in the root. The first 
figure of the root being 7, is set down at the top. The Yt^ — 1 is then multiphed by 
this 7, and the product added, to the Hea leen 0, regard being had to the place in 
the column, which gives - 700 ; the Hea leen — 700 is then multiplied by 7, the 
product being added to the Shang leen 1534464, still preserving the same place in 
the column, gives 1044464 ; again this is multiplied by 7, and the product added 
to the Fang 0, gives 731124800 ; this multiplied by 7 and the product combined 
with the Shih, leaves— 14940217600, &c. The second figure in the root being 
found to be 2, the same process is repeated, moving all the terms to the right 1, 2, 
3, &c., places. 

In this operation, the reader will at once detect the famous theorem of Homer, 
''for solving Equations of all orders," first published in 1819 ; of which De Morgan 
says, that it is a '' method which must place its author among those valuable 
inventors who find out simple adaptations which have been overlooked by their 
predecessors," — from such a source, no mean commendation. It appears some 
have thought proper to dispute the right of Horner to the invention, and it will 
perhaps be an unexpected occurrence to our European friends to find a third com- 
petitor coming forward from the Celestial Empire, with a very fair chance of being 
able to establish his claim to priority. However this cannot detract in any degree 
from the merit of Homer, whose right is doubtless well grounded. In the above 
example, the numbers which are added to the several terms are not set down, but 
merely the successive results with a line between ; in the original, where a negative 
number is combined with a positive, or a positive with a negative, these are both 
set down ; but as the rational^ of the process will be quite clear to any one who is 
familiar with Horner's method, the extra numbers are omitted here, to avoid 
prolixity. The original is accompanied with a very minute letterpress description 
of every step in the process. 
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We give for the sake of comparison, the same sum worked out according to 
Homer's directions. 





- 700 

— 700 


1534464 
_ 490000 




731124800 

46124800 


526727677600(720 
611787360000 


1044464 
_ 980000 


14440217600 


_ 1400 
- 700 


776249600 
_ 29238720 


14940217600 


64464 
_ 1470000 




_ 2100 
— 700 


747010880 




_ 1405536; 
— 66400 




- 2800; 
_ 20 




_ 14.A193fi 





2820 



Although Tsin is the first author in which we find this rule fully developed with 
regard to compound equations, yet it should be observed that Yang Hwuy, a 
contemporary writer, in his analysis of the Kew chang, gives precisely similar rules, 
though unaccompanied with examples, for the extraction of the square and cube 
roots called (118) Tsang ching fang^ *' Accumulating Involution,'* these are quoted 
from one (119) Kea Been. 

At the beginning of the work of (120) Choo She-kee, the third author above 
alluded to, the following table of the " Ea.tio of the Leens in the involution of 
numbers up to the 8th power," is given ; not as anything new however, for it is 
denominated the " Ancient method ;" but at what time it was first discovered we 
have no suflScient data to determine : — 



1 Original Bum. 

1 1 Factors. 

12 1 Square. 

13 3 1 Cube. 

14 6 4 1 Biquadrate. 

1 5 10 10 5 1 5th power. 

1 6 15 20 15 6 1 6ih power. 

1 7 21 35 35 21 7 1 7th power. 

1 8 28 56 70 56 28 8 1 Sth power. 



A slight examination will enable any one to understand the mechanical structure 
of this table, which it is clear might be carried to an unlimited extent. Having 
already attained such a dexterity in dealing with the higher powers, the transition 
from this to Horner's method was an easy and almost natural consequence. 

Choo She-kee published his (121) Sze Yuen Yuh Keen^ " Precious mirror of the 
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four regions/' about the year 1303 ; in which he makes a decided step in advance 
of his contemporaries, by using the Monad for known as well as unknown quantities. 
For several Monads are used, which are termed respectively, Heaven, Earth, Man 
and Thing. The three first are generally (not necessarily) employed to designate 
known quantities, and the last (122) With, " Thing,"* for the unknown quantity. 
Here again we must yield precedence to the Chinese, for until the time of Vieta, 
who lived in the 16th century, arbitrary representations of numbers were never 
used in Europe for anything but quantities sought. The Tien Yuen or Heaven 
is written below Toe, the powers increasing as they descend ; Earth is written on 
the left side of Toe, the powers increasing as they recede from Toe in a lateiul 
direction; Man is written on the right side, the powers increasing towards the 
right ; and Thing is written above, the powers increasing as they ascend. 

Thus the four simple Monads or a+ b + c -t x are written in the following 
form : — 

1 
1 (100) 1 

1 

The square of the above, or a' + 2ab + 2ac + 2ax + 6* + 26c + 26a; + c + 2c* 
+ x', is as follows: — 

1 

2 2 

2 

1 (100) 1 

2 

2 2 

1 

A very little practice is sufficient to render any one perfectly familiar with the 
several terms of this algorithm. The left being the side for the Earth Monad or b, 
the 1 removed two stages from Tae is b^ ; in the next column, the upper 2 standing 
opposite the place for the Thing Monad, signifies twice the product of Earth and 
Thing or 2bx ; the lower two standing opposite the place for the Heaven Monad, 
signifies twice the product of Heaven and Earth, or 2a6 ; the 2 standing diagonally 
against Tae indicates twice the product of Earth and Man, the two Monads in the 
same horizontal line, or 26c; the other diagonal 2 above Tae is twice the 
product of Heaven and Thing, or 2ax, &c. The operations connected with this 
formula are as simple as in the Tie7i Yiien, except it be with regard to multiphcation, 
and even in that, the apparent intricacy is more imaginary than real, the several 
columns being taken separately and the products added together afterwards. 
The process of amalgamation and reduction is carried on till all the columns are 
gradually reduced to one, when the root is extracted the same as before. 

• ** The PeniAiis and Arabs emplojed the word tnsweriog to ** Thing " in their language for the unknown quantity, and the 
Italians adopted the word * Cosa * for the same pnrpoee : hence Algebra camt to be called the Begola de la Cosa, in Italy, and the 
Cossike Art in England." Penny Cyclop«dia, VoL I., p. 826. The eoincidence here is corions. 
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Notwithstanding the advantage presented by the Tien Yuen^ it does not seem 
to have been cultivated to any great extent by subsequent authors during the 
Yuen and Ming dynasties. We find it employed by Ko Show- King in the con- 
struction of his new system of astronomy, the (123) Show she leih, which was used 
throughout the Yuen dynasty. In the middle of the 16th century (124) Tung 
shun-Che revised Le Yay's " Mirror of the Mensuration of Circles," and added an 
elucidation in detail- of the various problems ; but this afterwards fell into the 
hands of (125) Koo Yiu-tseang, a self-taught mathematician, who being 
ignorant of the principles of Tien Yuen cast aside Tung Shung-che's addenda and 
published the original text with a series of rules in which the true meaning of Le's 
work is very much lost sight of. Ko Show-king's work on " Arcs and versed-sines " 
was also republished by this author, the principles of Tien Yuen being alike 
misunderstood and disregarded. After this time we do not hear of any one 
during the Ming dynasty giving attention to the subject ; and the knowledge of 
it is said to have been preserved by a " mere thread " to subsequent times. 

In the reign of Kang-he, towards the end of the 17th century, a treatise on 
algebra (126) Tseay han fang, as it was then known in Europe was composed 
and laid before the emperor by some of the foreigners engaged in the Astronomical 
Board. The name of the author has not been preserved in connection with his 
work, but it is clear he could have had no knowledge of the Tien Yuen. We find 
this document made use of in the Leuh leih Yuen Yuen; which was prepared by 
imperial authority during the same reign, but as it is there presented, it does not 
show any advantage superior to the Tien Yuen, and had the imperial counsellors 
been familiar with the latter, it is probable it would not have been omitted in the 
work. A strange mistake has arisen in connection with this branch of the science, 
probably arising from some faulty wording in the original memorial ; for the books 
that take notice of it, say that '* in Europe it is known by the name of (127) 
A'Urh^'e-porla, * Algebra,' which word being translated means, ' Rule derived from 
the east/ " and eking out this misconception in truie Chinese style, they say *' the 
people of the West thus acknowledge that it is of Chinese origin." That the 
compilers of the algebra in the work just mentioned were ignorant of the Tien 
Yuen, there is a strong reason to believe from the fact that the technical terms 
employed are all different. Thus instead of Tien Yuen Yih, they say (128) Yih kan ; 
instead of Ching and Fow, they say (129) I'o and (130) Shdou ; for Tung soo, they 
use (131) Teng soo, Ac. In extracting the roots of equations, the former has clearly 
the superiority. 

No arbitrary symbols are used in the Tseay kan fang, but the designation of 
the several powers are set down against the respective co-efficients ; this however is 
not absolutely necessary, for the terms may be indicated by position the same as in 
Tie/* Yu^n; they are written horizontally instead of being in a perpendicular 
column. 

VOL. II. 2 c 
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In the beginning of the 1 7th century, the study of the Tien Yuen was revived by 
Mei Wuh-gan in a work called the (132) Chih Shwuy e chin, '' Pearls dropped in the 
Red river,"* in which he institutes a comparison between that and the Tseay kan 
fang which had been introduced by the Europeans. Since that time the subject 
has engaged much of the attention of students, among whom the most famous who 
have written, may be mentioned (133) Le Juy and Chang Tun-jin, both of Soo- 
chow at the end of last century ; the former of whom in his (134) E shoo^ 
" Posthumous works," has left some valuable details on the science. Among other 
subjects he treats largely on the number and ratio of roots real and imaginary to 
any equation, and the method of finding the same ; the latter has published a 
number of the most important ancient works on arithmetic, illustrating the various 
formulae at great length by the Tien Yuen. A later writer (135) Chang Tso-nan in 
a mathematical compendium styled (136) Tsuy wei shan fang swan heo, " Mathematics 
of the Lagerstrsemia hill institution," annexed to the division on Plane and Solid 
Mensuration, gives a supplementary section, on the art of using the Tien Yuen, but 
there is little original matter in his work. In the same work, 4th volume on the 
Mensuration of Solids treats of the Tseay kan fang ; this last form however seems to 
have received but little favour from native mathematicans. 

An edition of the ''Precious mirror of the four regions'' has been recently 
published at Yang-chow with minute illustration of the whole text, and three 
volumes of rules by (137) Lo Ming-heang, in which he enters into an elaborate and 
interesting detail of the fundamental principles of the science. This author has 
likewise published a number of smaller works, showing the application of Tien 
Yuen to the trigonometrical canon, astronomy, &c. These last and many other 
works of a kindred character have been published at the expense of Yuen Yuen, 
who is well known to foreigners by his formerly having been Governor of Canton, 
and to natives by his munificent patronage of the arts and sciences. The exact 
sciences had evidently been in a declining state from the commencement of the 
Ming dynasty, down to the time of the arrival of the Romish missionaries. The 
consequences of this neglect were beginning to be felt in the confusion that was 
taking place in the calculations of the Astronomical Board. Mathew Eicci, the 
first who arrived at Peking, soon turned his attention to this subject, and translated 
a treatise on European arithmetic as a preliminary step which w^as afterwards 
revised and published by (138) Le che-tsaou, a Christian Mandarin, under the name 
of (139) Tung wan\ swan che, " Guide to Arithmetic in the common character ;'' 
this comprehended the common rules as they then stood in Europe beginning witli 
notation and reaching to the Rule of Three. Schaal and coadjutors by their 
labours did much to introduce the knowledge of European mathematics, and 

• This singular title bears allusion to a tradition respecting the ancient sage Hwang-te, who, it is said, while out on a 
pleasure excursion on the Red river, in the neighbourhood of the Kwan-lun mountains, accidentally dropped some valuable pearls 
in the water, where they lay for a long time, but were ultimately regained. 

f This title has reference to the (liO) Chung Yung, chap. 28, sect. 8. 
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published some works of great importance on the subject. The compilation of the 
Leuh leih yuen yuen in the reign and under the special supervision of Kang-he, 
was an undertaking worthy of the monarch who conceived the plan. In it, various 
desultory efforts of preceding writers were wrought into a harmonious whole, while 
their works were thus placed on such a standing as would ensure their most 
extensive usefulness. As the publication of this work may be looked upon as an 
era in the history of the science, it will not be amiss to give an outline of the 
contents of the 3rd division of it, called the (141) Soo le tsing wan, " Repository of 
the subtleties of the principle of numbers," which treats entirely of the abstract 
sciences and which is at the present day the authorized guide for the calculations 
used in the Astronomical Board. It is divided into two parts ; the first comprehending 
5 volumes treating on the theory of quantity. The 1st volume commences with 
an enquiry into the origin of the principle of numbers, in which, true to the 
Chinese philosophy it conducts us quietly up to the time when the ancient sage 
Fo-he saw the dragon horse emerge from the Yellow river with the scheme of 
decimal notation portrayed on his back. This chart is then given and also another 
held equally sacred, which the great Yu is said to have observed on the back of 
a tortoise which rose out of the river Lo, containing the elements of multiplication 
and division. The first section of the Chonype with a commentary, completes the 
volume. The next three volumes contain a treatise on geometry in 12 books, on a 
much more diffuse plan than that of Euclid, and consequently deficient in the 
demonstrations of that author ; it embraces planes and solids of every form, and 
the last book being on proportion, gives various mechanical devices for the 
construction of figures, including the use of the wooden square, the parallel rule, 
the diagonal scale, the protractor, and the sector, with methods for reducing plans, 
maps and drawings. The last volume contains what may be called palpable 
arithmetic, entering scientifically on the theory of calculation, which it illustrates 
by means of counters, and also by geometrical figures. The 2nd part treate on 
the practical application of the various branches of arithmetic, in 40 volumes, 
and is divided into 5 sections The first or introductory section in two volumes 
includes Tables of Weights and Measures, Notation, Addition, Subtraction, Multipli- 
cation, Division and Fractions. The second section in 8 volumes on Lines, embraces 
Proportion, Alligation, Progression, Fellowship, Surplus and Deficiency, Position, 
and Equations. The third section in 12 volumes on surfaces, contains square root. 
Trigonometry, ancient and modern, the use of the 8 lines of the Trigonometrical 
canon, method for finding the several dimensions of the triangle from each other. 
Geometrical mensuration, measurement of figures of various forms, rectilinear and 
curvilinear, Ratio of various figures contained in the circle, and in which the circle 
is contained, and Relative ratios of regular polygons. The fourth section in 8 
jolumes on solids, treats on Cube Root, measurement of bodies of various forms, 
rectilinear and curvilinear. Ratio of various bodies contained in a sphere, and in 
VOL. II. 2 2 
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which a sphere is contained. Relative ratios of regular polyhedrons, Relative weight 
of various substances, animal, vegetable and mineral, and Piling. The concluding 
section in ten volumes treats on Algebra, miscellaneous problems not embraced in 
the preceding rules, Logarithms, and two volumes in explanation of the use of the 
Sector. Besides the above there are eight supplementary volumes of tables, two 
containing the sines, cosines, tangents, co-tangents, secants and cosecants, for 
every 10 seconds throughout 90 degrees. The two next give a table of the divisors 
of numbers from 1 up to 100,000 to facilitate the computation of logarithms. At 
the end of every 10th thousand, a list of the prime numbers is also given. The two 
next volumes contain a table of the logarithms of natural numbers from 1 to 
100,000 calculated to 10 places of figures. This is apparently a transcript of the 
table that was published in Holland by Adrian Vlacq in 1628. At the end is a 
catalogue of the logarithms of the ratios of a great number of mathematical terms, 
and the relative gravity of various substances. The last two volumes have a table of 
the logarithms of sines, cosines, tangents, co-tangents, secants and cosecants for 
every 1 seconds from zero up to 90 degrees. The very familiar phraseology in 
which this book is wi-itten no doubt laid open the science to the capacity of many 
who had hitherto been deterred from the study, by reason of the peculiarly rigid 
and to some extent quaint character of the ancient books. While there is every 
possible guarantee for the purity of the style and the absence of barbarisms, it 
embodies the substance of all that was really useful in the previous writings of 
Europeans. The illustrations and explanations to every rule are profuse almost to 
a fault ; the principle of every operation being laid down with great minuteness, at 
the end of the problem. Perhaps the chief objection that this exposes it to, is that 
it swells out the work to such an extent as to place it beyond the reach of any 
but a very limited number. Since the publication of the above, a great number of 
works on the same subject have been constantly issuing from the press, all more or 
less characterized by conformity to this. 

About the year 1633, the theory of Napier*s Roads* was introduced in a work 
presented to the emperor by James Rho, an Italian missionary, then in the 
Astronomical Board. This theory has been reprinted in several native works 
under the name of (142) Show snan, "Tally calculation," in distinction from (14S) 
Fih swan, " Pencil calculation," while the use of the abacus is termed (144) Choo 
swauy "Pearl or Ball calculation.'' Some books also give (145) Chih swan^ "Foot 
or sector calculation," and there is an ancient method called (146) Chang kin swan, 
" Finger calculation." 

Although it has been a predominant feeling with most native writers to trace 
everything of a scientific character to a remote native origin, yet they seem never 
to have questioned the right of John Napier to the invention of Logarithms ; nor 
have they on that account undervalued the discoveiy ; and even at the present 

♦ First published in Napier's *' Rabdologiae, sive Numerationes per Virgulaa," in 1617. 
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day we find some applying themselves with a great zeal to the subject, ignorant 
of the advances that have been made in the West, since the days that it was first 
brought before the Chinese. There is one (147) Le Shen-len, a relative of Le Juy 
above mentioned, now (1852) residing in Shanghae, who has recently published a 
small work called (148)5Vy soo tan yuen, " Discovery of the source of Logarithms," 
in which he details an entirely new method for their computation, based upon 
geometrical formulae which he says in his introduction is "ten thousand times 
easier than the methods used by Europeans," and that " although they can just 
calculate the numbers, yet they are ignorant of the principle." This small indication 
of self satisfaction may be very well overlooked, as quite pardonable in one who has 
had no better aid than that afforded by the lAuh leih yuen yuen,'BXidi who has here 
given us, as the result of four years* thought, a theorem, which in the days of 
Briggs and Napier, would have been suflficient to raise him to distinction. 

A mandarin at Hang-chow, named (149) Tae Hew has also been engaged for 
some time past on a new method of obtaining logarithms. It is well known that 
there are at present many of a similar turn of mind, in different parts of the 
empire ; and it is surely interesting to find these signs of intellectual activity, 
striving against the diflSculties with which they have to contend, and standing out 
in bold relief from the mass of mental torpor, so characteristically congenial to the 
institutions of this truly conservative empire. It is true the Celestials are disposed 
to look with a feeling akin to contempt on the mushroom antiquity of our Western 
lore ; yet it is equally true that a spirit of inquiry still germinates among them, 
which if fostered by a greater freedom of intercourse, will doubtless tend much to 
smooth the asperities which now exist, and thus prove mutually advantageous. 
And may we not hope that the same spirit of inquiry which would lead them to 
seek after truth in science, would also, if rightly directed, teach and prepare them 
to investigate it in much higher and more important spheres of knowledge : — ever 
to understand themselves, and the relation they sustain to that great Being, whose 
name they have preserved, — whose knowledge they have lost. 



CORRECTION. 
In the footnote on p. 176 the sign ^§^ was accidentally omitted. 
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Beobachtungen von Sonnenflecken. 



BEOBACHTUNGEN VON SONNENFLECKEN AM ASTKO- 
PHYSICALISCHEN OBSERVATORIUM ZU O'GYALLA. 



Grappe. M. Z. 0*GyaIla (Jb^g.) 





1882. 








Botationsperiode 287. 




65 


April 


26-4857 


294°-64 


402'-4 


247<»-89 


343°-69 


+ 16"'-50 


Kleiner Meek. 


64 


April 


22-4888 
23-4819 


54-51 
51-51 


820-0 
692-8 


169-23 
182-60 


32105 
321-24 


+ 6-29 
+ 6-37 


1 Kleiner sich auflosender 
; Fleck. 




April 


22-9854 








321-15 


+ 6-33 




66 


April 
Mai 


30-4852 
2-4885 
3-4843 


313-54 
278-20 
272-71 


408-6 
678-4 
790-8 


244-99 
277-06 
290-50 


283-74 
287-42 
286-46 


+ 19-37 
+ 19-26 
+ 19-35 


>- Schwacher Fleck. 


67 


April 
Mfti 

9> 


30-4852 
2-4885 
3-4843 
4-4843 


41-82 

21-73 

355-11 

317-71 


721-1 
442-2 
331-4 
334-3 


189-31 
217-19 
231-63 
245-97 


228-06 
227-65 
227-59 
227-67 


+ 15-16 
+ 15-43 
+ 15-10 
H- 15-82 


( Behofter sich auflosendoc 
r Fleck. 




Mai 


2-7356 








227-72 


+ 15-38 




68 


Mai 

99 
99 


2-4885 
3-4843 
4-4843 
7-4905 


40-37 

37-70 

32-36 

348-38 


903-4 
826-8 
727-1 
428-2 


168-95 
182-54 
195-93 
236-70 


179-31 
178-50 
177-63 
176-50 


+ 23-13 
+ 22-65 
+ 22-91 
-1- 22-92 


> Grosser behofter Fleck. 




Mai 


4-4869 


Mittl. 


Abw. ei 


ner Beob. 


177-74 
+ 0-073 


+ 22-90 
+ 0-196 


{ = 13-5079 4o = 13-889. 




Mai 


4-4843 
7-4905 


43-64 

24-42 


876-7 
547-3 


174-89 
215-41 


166-69 
164-21 


+ 19-69 
+ 20-11 


1 Hauptfleck einer ver- 
) waschenen Schaar. 




Mai 


5-9824 








165-40 


+ 19-90 




71 


Mai 


7-4905 
14-5224 


69-64 
246-85 


663-5 
789-5 


197-74 
305-18 


136-64 
143-67 


_ 3-91 
_ 3-21 


Mehrkemiger kleiner Fleck. 
Behofter Fleck. 


73 


Mai 

99 


7-4905 
14-5225 


51-84 
286-73 


901-4 
425-4 


171-83 
270-19 


110-63 
108-68 


+ 13-57 
+ 13-52 


I Behofter Fleck. 


75 


Mai 

t9 


14-5224 
17-4769 
14-5224 
17-4792 

21-4835f 

22-4916^ 


114-71 
177-99 
107-98 
153-96 
214-65 
214-92 
218-94 


569-1 
425-8 
684-0 
422-6 
762-1 
746-3 
839-0 


220-66 
260-68 
209-09 
248-64 
303-64 
302-02 
315-37 


69-15 
67-01 
47-58 
44-94 
42-81 
41-19 
40-16 


_ 27-57 
_ 27-39 
_ 28-87 
— 28-46 
_ 29-70 
_ 28-89 
_ 29-26 


1 Behofter Fleck im S.W. 
j* einer grossen Gruppe. 

Hauptfleck der Grappe. 
1 Der Kern war am 14, 
• sehr zerstuckelt ; spater 
stets doppelt. 




Mai 


18-9942 








43-57 


_ 29-02 




76 


Mai 


14-5224 
21-4835 
22-4916 


53-35 
267-05 
264-36 


719-6 
694-7 
824-3 


201-01 
301-26 
316-02 


39-60 
40-43 
40-81 


+ 10-13 
+ 10-39 
+ 10-41 


' Anfangs behofter, spater 
" sehr schwacher Fleck. 




Mar 


19-4992 








40-26 


+ 10-31 
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M.Z.O'Gyall«(barg.) 


P 


P 


. ; 


L 


b 




77 


Mai 14-5224 

17-4769 

„ 21-4835 

„ 22-4916 

„ 26-4911 


85°-35 
96-50 
217-75 
228-05 
236-95 


891"-5 
626-2 
416-8 
677-2 
912-2 


178''-86 
220-60 
277-88 
291-84 
333-78 


17°-34 
16-93 
17-05 
16-63 
15-78 


- 16°-20 
_ 16-26 
_ 15-58 
_ 15-31 
- 15-28 


Behofter Fleck ; von 
V Mai 21 ab war der 
Kem doppelt. 




Mai 20-2931 

Mai 17-4792 

„ 21-4835 

22-4916 

25-4911 

26-4870 


89-57 
216-76 
229-52 
238-77 
239-57 


662-8 
322-4 
490-0 
876-8 
928-6 


216-68 
271-82 
285-86 
326-91 
339-41 


16-75 

12-98 

10-99 

10-66 

8-91 

7-26 


_ 15-72 

— 13-30 

— 12-48 

— 12-52 

— 13-12 
_ 1315 


Behofter Fleck mit dop- 
peltem Kerne. 




Mai 22-6865 








10-16 


- 12-91 





Rotationsperiode 288. 



97 


Mai 


26-4911 


57-93 


904-6 


187-20 


229-20 


+ 13-43 


' 




>9 


26-4870 


67-12 


830-6 


200-07 


227-92 


4- 13-07 






>9 


27-4853 


64-46 


717-2 


213-75 


227-28 


+ 13-29 






yy 


28-4923 


49-56 


665-5 


228-08 


227-27 


-f 13-20 






99 


29-4818 


39-19 


406-1 


241-89 


226-95 


+ 13-30 


Behofler regelmaaaiger 




if 


30-4738 


13-56 


269-2 


257-57 


226-74 


+ 13-66 


fleck. 




Jmd 


1-4837 


294-26 


375-2 


274-27 


226-50 


+ 14-06 






jy 


2-4898 


281-87 


638-7 


298-61 


226-49 


-t- 14-45 


• 




jy 


3-4807 


276-20 


686-7 


312-39 


226-13 


+ 14-54 






99 


4-5384 


273-62 


816-9 


327-40 


226-07 


+ 14-98 


' 




Mai 


30-9348 








226-82 
+ 0-139 


+ 13-84 
+ 0-143 


I = 14-0854 U = 14-178. 
a6 = + 0-210 


80 


Mai 


29-4818 


62-85 


931-1 


183-91 


168-97 


+ 20-49 






)) 


30-4738 


51-98 


885-0 


197-32 


167-33 


+ 20-43 






Juni 


1-4837 


46-09 


689-5 


223-31 


165-54 


+ 20-83 


Grosser behofter fleck; 




99 


2-4898 


37-24 


556-9 


237-28 


16516 


+ 20-91 


der Kem spaltete sich 




99 


3-4807 


23-04 


424-8 


250-98 


164-72 


+ 20-63 


Juni 3 in 3 Stiicke 




}) 


4-6384 


354-81 


345-2 


265-47 


164-14 


+ 20-97 


(das mittlere kleinere 






7-4831 


289-28 


614-2 


307-60 


164-25 


+ 20-30 


ist nicht verzeichnet). 




»> 


290-20 


597-1 


306-04 


162-69 


+ 20-23 


deren vorangehendes 






8-6125 


283-46 


746-4 


321-81 


163-77 


+ 20-26 


sich Juni 7 gaius 




99 


283-87 


730-9 


320-28 


162-24 


+ 20-16 


abgelost hatte. 






1 

9-5153 


280-60 


845-7 


335-43 


162-90 


+ 20-26 






>) 


280-95 


834-3 


333-77 


161-24 


+ 20-28 


- 




Jimi 


3-9399 








164-67 
+ 0-468 


+ 20-66 
+ 0-303 


{ = 13-6648 {o= 13-977. 


87 


Juni 


8-5125 


89-56 


929-2 


192-94 


34-90 


- 11-67 


^ 






9-5153 


90-69 


871-9 


206-79 


34-26 


-11-45 


Hauptkem eines grossen 




yf 


13-4839 


118-82 


301-1 


262-80 


34-12 


- 10-71 






18-5117 


246-84 


758-7 


344-42 


33-73 


- 11-55 


vieltheiligen Fleckes. 




t> 


19-4864 


249-36 


866-0 


348-82 


33-23 


- 11-26 


. 




Juni 


13-9019 








3405 
+ 0-231 


- 11-33 
+ 0-377 


{ = 14-1517 «,= 14-233, 
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Gnippe. 



M. Z. O'GyaUa (bttrg.) 



b 



88 



Jxad 

Juni 



9-5163 
13-4839 



91^-35 
102-23 



902"-6 
5701 



20ri6 
242-68 



28°-63 
13-90 



12^-53 
^ 12-70 



Grosser in viele SttLcke 
zerfallender Meek. 

Doppelfleck, der sich 
auflofite. 



Eotationsperiode 289. 



90 


Jnni 


18-5117 


28-82 


387-2 


266-92 


326-23 


+ 20-54 


SehrveranderliclierlTaupt- 




9} 


19-4864 


0-46 


324-4 


280-08 


325-49 


+ 21-42 


fleck einer grossen Fleck- 




ty 


21-5090 


307-70 


468-9 


307-45 


324-00 


+ 21-93 


enscbaar. Nur Juni 23 




99 


23-4955 


291-74 


731-1 


334-70 


322-90 


+ 22-38 


einfacher runder Fleck. 




Juni 


20-7507 








324-65 
+ 0-107 


+ 21-57 
+ 0-244 


f = 13-6949 Jo = 13-940 
Aft = + 0-331. 




Juni 


23-4956 


.289-19 


738-0 


335-96 


32416 


+ 20-66 


RundUcher Fleck. 


91 


Juni 


18-6117( 

1 


64-53 
64-49 


795-9 
817-0 


225-53 
223-06 


284-84 
282-37 


+ 15-38 
+ 15-77 


Schwaclier Doppelfleck. 




99 


19-4864 


61-47 


640-7 


242-04 


287-45 


+ 15-17 






99 
99 


21-5090 
23-4955 

24-4951 1 

25-4836 


39-37 
308-98 
290-61 
302-69 
284-47 


300-6 
276-4 
448-8 
436-0 
610-2 


271-35 
299-17 
313-85 
312-65 
32761 


287-90 
287-37 
287-80 
286-60 
287-45 


+ 14-48 
+ 13-87 
+ 13-94 
+ 14-44 
+ 14-15 


Rundlicher Fleck; stets 
von mehreren klei- 
I neren begleitet, Juni 
24 getheilt. 




W 


26-5150 


281-62 


766-6 


342-27 


287-40 


+ 14-22 


- 




Juni 


23-4974 








287-56 
+ 0-221 


+ 14-31 
± 0-476 


( sr 14-2460 {o ^ 14-166 


94 


Juni 


28-4841 


227-48 


549-9 


320-23 


337-27 


- 19-15 


TJnregelmSisBigerbehofter 
Fleck. 




>» 


29-5475 


237-14 


680-g 


33400 


236-86 


- 18-90 




Juni 


29-0158 








236-67 


-19-02 




92 


Juni 


23-4955 


69-62 


881-5 


217-99 


206-18 


+ 14-27 


1 




»j 


24-4961 


68-98 


783-0 


232-41 


206-36 


+ 14-08 






99 


25-4836 


66-64 


652-0 


246-27 


206-61 


+ 14-20 


Kleiner runder behofter 




99 


26-5150 


60-80 


483-1 


261-07 


206-20 


+ 14-17 


' Fleck. 




y> 


28-4841 


7-08 


193-4 


289-35 


206-39 


+ 14-17 






}> 


29-6475 


313-18 


258 


303-79 


205-65 


-1- 14-01 


. 




Juni 


26-3368 








206-15 
± 0-264 


+ 14-15 
+ 0-092 


{ = 14-2626 4o = H-170 


95 


Juni 


26-5150 
28-4841 


73-56 
62-11 


691-2 
297-6 


24306 
274-47 


188-19 
191-51 


+ 10-26 
+ 9-88 


I Juni 26 einzelner Fleck ; 




yy 


29-6475 


15-34 


116-0 


290-36 


192-22 


+ 9-34 


> spater Hauptfleck im 




JuH 


5-4878 


277-74 


924-5 


1710 


194-22 


1 

+ 8-69 


i W der Gruppe. 


Juni 


30-0086 








191-53 


+ 9-64 


{ = 14-8498 {.== 14-266 














±0-939 


+ 0-035 


A6 « - 0-169. 
Behofter Fleck im der 


96 


Juni 


28-4841 


108-13 


711-0 


245-43 


162-47 


- 14-42 


Gruppe ; Juni 28 und 29 




99 


29-5476 


115-63 


664-0 


259-94 


161-80 


- 14-43 


mit getheiltem Kerne, 




Juli 


5-4878 


246-97 


718-9 


344-81 


161-93 


- 14-71 


dessengrdsseresn. Stiick 
beobachtet wurde. 




Jnli 


1-1731 








162-07 


- 14-62 





Beobachtungen von Sonnenflecken. 



199 



Grnppe. 


M.Z. O'GyalUCbllrg.) 


P 


P 


/ 


L 


b 


97 


Juni 29-6475 

Jvdi 6-4878 

7-4810 

8-4902 


93°-79 
244-19 
259-28 
262-20 


804"-0 
3161 
663-0 
802-2 


ler-so 

316-87 
343-84 
368-69 


136°-53 
132-99 
132-52 
132-88 


- 4'"-65 

— 5-07 
_ 6-24 
_ 5-44 


> Kleiner behofter Fleck. 


98 


JuU 5-2516 

Juli 12-4852 

14-4806 

„ 15-6041 

16-4788 


297-32 
288-96 
289-04 
289-84 


417-7 
736-7 
863-5 
920-9 


329-32 

357-73 

14-07 

26-88 


133-75 
+ 0-635 

46-62 
46-55 
48-30 
47-20 


_ 5-10 
+ 0059 

+ 14-23 
-1- 14-59 
+ 15-48 
+ 15-93 


f = 13-8174 {, = 14-323 
Aft = _ 0°-083. 

1 Hauptkem eines sich 
> schneU andemden 
I Fleckes. 


99 


JuH 14-7622 

JuU 11-4865 
12-4852 

JuU 14-4800 


338-97 
306-57 

310-41 


225-1 
373-1 

129-1 


309-55 
324-84 

313-23 


47-17 

41-09 
42-14 

205 


+ 15-06 

+ 16-51 
+ 16-45 

+ 8-89 


I Einzelner Fleck. 
Verwaschener Meek. 



Eotaidonsperiode 290. 



99 


JuU 


14-4806 


320-91 


79-4 


310-07 


358-89 


+ 7-74 


) 




>» 


16-6041 


287-32 


280-5 


324-59 


358-82 


+ 800 


> Vervrasohener Fleck. 




» 


16-4788 


282-42 


477-7 


338-98 


359-30 


+ 7-78 


f 




JuU 


16-4878 








369-00 


+ 7-84 




101 


JuU 


16-4788 


358-84 


104-6 


309-31 


329-63 


+ 10-67 


Yerwaschener Fleck. 


100 


JuU 


14-4806 
15-6041 

16-4788 

1 

17-4939 


80-52 
80-68 
78-42 
79-64 
7401 
75-61 


888-5 
789-5 
652-3 
671-8 
485-8 
502-6 


236-09 
250-95 
266-54 
263-75 
279-97 
277-56 


284-91 
286-18 
285-86 
284-07 
285-82 
283-41 


+ 13-71 
+ 13-46 
+ 14-19 
-f- 13-65 
+ 14-48 
■f 13-97 


Grosser behofter Fleck, 
dessen Eem am 16, 17 
und 19 in zwei grosse 
und ein kleines ^kicht 
- verzeichnetes) Stiick 
getrennt war. Spater 
schmolzen aUe in einen 
einfachen langUchen 
Eem zusammen. 






19-4803' 
23-4866 


22-65 
291-08 


1680 
724-4 


_ 308-48 
5-36 


285-98 
285-74 


+ 14-45 
+ 13-59 




99 


24-4886 


290-50 


841-4 


19-68 


285-76 


+ 13-48 




» 


25-4816 


291-02 


911-6 


32-88 


284-76 


+ 13-56 




JuU 


19-6117 








285-24 
± 0-473 


+ 13-80 
+ 0-367 


{ = 14-3090 6. = U'179 


102 


JuU 


17-4939 


109-92 


818-4 


251-27 


257-12 


_ 10-72 


Kleiner bleck. 




99 


19-4803 


121-24 


569-0 


277-93 


255-43 


— 11-43 




99 


23-4845 


218-62 


451-6 


330-60 


250-98 


- 19-31 


1 




99 


24-4886 
26-4816 


236-83 
247-43 


576-2 
7050 


345-38 
359-74 


261-45 
261-61 


- 19-19 

- 18-76 


> Kleiner behofter Fleck. 




99 


26-4920 


253-70 


821-2 


14-41 


251-87 


- 18-74 


) 




JuU 


24-9869 








251-48 
+ 0-076 


— 1900 
+ 0-099 


£ = 14-5496 ^ = 14030 
Ab = + 0-214 


103 


JuU 


19-4803 


116-44 


869-1 


247-33 


224-83 


_ 17-01 


Kleiner Fleck. 
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Beobachtungen von Sonncnfleckcn. 



Onippe. 


H.Z.0'67al]>(b(lrg.) 


P 


P 


/ 


L 


» 




104 


JuU 


23-4855 


78<'-15 


677"-l 


278°-69 


199°-07 


+ 16''-66 


1 




9> 


24-4886 


71-67 


397-8 


293-32 


199-39 


+ 15-37 


VEIemer Fleck. 




» 


25-4816 


49-78 


227-3 


307-81 


199-68 


+ 15-40 




» . 


26-4920 


347-53 


183-5 


322-32 


199-78 


+ 16-58 


) 




JuU 


24-9869 








199-48 
+ 0-067 


+ 16-50 
+ 0-140 


£ = 14-6086 {, = 14-136 




JuU 


23-4855 


88-27 


655-0 


271-45 


191-83 


+ 9-97 


\ 




>9 


24-4886 


87-01 


489-2 


285-32 


191-39 


+ 10-06 


> Kleiner Fleck. 




9t 


25-4816 


80-79 


295-3 


299-79 


191-66 


+ 10-29 




ft 


26-4920 


45-72 


109-8 


314-15 


191-61 


+ 10-62 


) 




JuU 


24-9869 








191-62 
+ 0-267 


+ 10-21 
+ 0-041 


( <= 14-2275 {o » 14-264 
A6 = + 0-188 


106 


JuU 


31-4833 


151-68 


339-5 


309-73 


115-99 


- 10-70 


BehofterFleck mitdoppelt- 
em Kerne im W. der 
Qruppe. 


107 


August 


10-4849 


349-66 


236-7 


339-01 


2-68 


+ 19-23 




» 

n 


11-4801 
12-4811 
13-4876 


319-12 
308-10 
304-03 


369-6 
533-5 
687-5 


353-44 

7-55 

21-72 


2-81 
2-64 
2-45 


+ 18-53 
4- 17-88 
+ 17-66 


Grosser behofter Fleck 
mitrundUchem Kerne. 




n 


14-4796 


303-07 


805-1 


34-99 


1-56 


+ 17-86 


. 




August 


12-4827 








2-41 
+ 0-312 


+ 18-23 
+ 0-311 


( = 14-0265 (. « 14-065 
M » - 0-324 



Rotationsperiode 291. 



107 



108 



111 
112 

113 



August 



10-4849 
11-4801 
12-4811 
13-4876 
14-4796 



August 12-4827 



August 



10-4819 
11-4801 
12-4811 
13-4876 
14-4796 
20-4912 



August 13-8169 



August 20-4912 

August 20-4912 
26-4859 
20-4912 
26-4859 



99 
99 



August 26-4859 



10-35 
331-56 
315-73 
308-70 
30611 



Mittl. 

90-47 
90-52 
89-25 
85-74 
75-25 
301-09 



134-88 

94-60 
301-23 

96-29 
302-69 

91-93 



221-5 
3060 
454-4 
608-4 
742-4 



Abw. ei ner Beob. 



873-9 
774-1 
636-8 
469-4 
292-6 
828-0 



460-6 

592-4 
602-4 
693-4 
4940 

258-2 



333-70 

347-18 

0-55 

14-25 

27-82 



264-49 
278-50 
292-58 
306-72 
320-55 
43-69 



316-50 

303-70 
27-57 

295-09 
19-32 

322-87 



357-27 
356-55 
355-64 
354-98 
354-39 



355-77 
+ 0-087 

288-06 
287-87 
287-67 
287-45 
287-12 
284-32 



287-08 
± 0-239 

197-13 

184-33 
182-86 
175-72 
174-61 

128-16 



+ 19-65 
+■ 19-63 
+ 19-72 
+ 19-53 
+ 19-69 



4- 19-64 
± 0-073 

+ 15-37 
-f- 15-25 
+ 15-39 
+ 15-26 
+ 15-21 
+ 14-71 



+ 15-20 
+ 0-078 

^ 6-72 

+ 13-49 
+ 12-55 
+ 13-02 
+ 12-54 

+ 11-33 



TTnregelmassiger behofter 
^ Fleck. 



f = 13-5375 ^ » 14-009 



Eleiner behofter Fledc 
mitrundUchemKeme. 



( = 13-8818 (o « 14*143 
A6 = - 0-067 

Eleiner Fleck. 

>• Grosser behofter Fleck. 
> Grosser behofter Fleck. 

YerwaschenerDoppelfleck. 
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Oruppe. 


M. Z. O'Gyana (bttrg.) 


P 


P 


/ 


L 


6 




114 


August 
Sept. 


26-4859 
2-5097 
3-5434 


144°-36 
271-49 
276-35 


481"-7 
793-4 
885-5 


323°-07 
48-26 
62-05 


118^-36 
103-41 
102-40 


- 10°-54 

— 12-53 

- 12-55 


Behofber Fleck. 

] Behofber Fleck mit dop- 

) peltem Keme. 


117 


Sept. 


2-5097 
3-5434 


207-70 
223-20 


464-3 
620-4 


358-19 
13-71 


53-35 
64-06 


- 2203 

- 2M6 


I Kleiner Doppelfleck. 


120 


Sept. 


4-4966 
5-4976 
6-4907 
7-4805 


316-54 
312-06 
310-79 
311-53 


645-0 
706-6 
841-6 
906-3 


30-54 
45-41 
61-60 
72-79 


57-28 
57-86 
59-89 
56-95 


+ 19-00 
+ 19-30 
+ 19-42 
+ 20-03 


1 Westlichster sehr ver- 
> anderlicher Kern der 
1 Gruppe. 




Sept 

»» 


4-4965 
5-4976 
6-4907 
7-4805 


320-68 
316-11 
313-04 
31312 


479-8 
630-2 
760-3 
866-7 


24-94 
38-33 
51-73 
64-60 


61-48 
50-78 
5002 
48-76 


+ 20-13 
+ 20-23 
+ 20-66 
+ 21-38 


^ Mitte des grossen Haupt- 
>• flecks mit doppeltem 
) Keme. 
Oestlicher Kern. 




Sept 


5-4949 








50-76 


+ 20-31 




C 


GynllA, 1882, Septei 


nber 14. 










Dr. H. Kobold. 



ON THE PARALLAX OF THE STAR BRADLEY 9077. 

By O. BACKLUND. 

As this star has a considerable proper motion its annual parallax might be 
supposed to be appreciable. In order to decide on this point M. Wagner, Vice 
Director of our Observatory, has observed with the great transit instrument the 
differences of Right Ascension between it and some neighbouring stars. The 
circumstances under which he was obliged to make the observations were very 
unfavourable, as the stars of comparison turned out to be too faint to be observed 
in the months of May, June and July, the season of the greatest negative influence 
of parallax. In December, when the influence of parallax is at its positive 
maximum, the images of stars are in our climate very bad. As the precision 
consequently could not equal the precision of observations made under ordinary 
conditions, M. Wagner gave up the proposed work before the number of 
observations was great enough to secure a definitive deduction of the value of the 
parallax. But when Professor Gyld^n recently published his determination of the 
parallax of this star, it appeared to me a question of interest to see how far the 
results of M. Wagner's observations would agree with this determination. At my 
request M. Wagner kindly placed his observations at my disposal 

The position of Br. 3077 is given by Argelander in his " Untersuchungen iiber 
die Eigenbewegungen von 250 Sternen"; reduced to 18 70*0 it becomes — 



a = 23»» 7« l'-93 
PM =-. + 0-2499 



+ 56° 



27' 2"-7 
+ 0-270 
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The approximate positions of the comparison-stars for the same epoch are* — 



No. 1 


a = 23* 4- 49'-3 


J = + 56° 19'-4 


2 


6 4 


66 24-7 


3 


9 8 


56 1-4 


4 


9 53 


66 31-0 


6 


10 5 


55 58-0 



For the reduction of the observations to 1870*0 M. Wagner has employed 
Struve's precession and Argelander's proper motion. 

Br. 3077 was compared 35 times with No. 1, 16 times with No. 2, 22 times with 
No. 3, 4 times with No. 4, and 32 times with No. 5. The comparisons with the 
stars Nos. 2, 3 and 4 being made when the influence of the parallax was rather 
insignificant, I have only employed the comparisons with Nos. 1 and 5. These 
two stars jwere both compared with Br. 3077 on 28 nights, but having overlooked 
one comparison I have only employed 27. 

From the Right Ascensions of these stars deduced by comparing them with the 
observations of Br. 3077 I formed the means. These means I denote by a', and 
by a I denote the true mean of the two stars ; I further put tt = 15a; and z equal 
to the correction to the proper motion in R. A. From the 27 equations of condition 
of the form — 

a =s a + ax + bi/ 

I formed the mean, and by subtracting this from each of the original equations I 
eliminated a and obtained 27 new equations of the form — 

n =. a'x + h'y. 

These equations treated by the method of least squares gave — 

TT = + 0"'20 ± 0''-080. 

I then treated the 32 observations of the star No. 5 separately in the same 

manner and obtained — 

TT = + 0''-21 + 0''-078. 

The omission of one comparison in the former set does not alter the result by 
more than C'Ol. 

These values of tt agree within the limits of the probable errors with the value 
deduced by Gylddn from his observations made with the equatoreal of the 
Stockholm Observatory. This is — 

,r = + 0"-28 + 0"-046. 

(See : " Bestamning af afstandet tiu stjernon No. 3077 i Bradley's Catalog." 
Cfversigt af Kongl. Vetenskapsakademiens forhandlingar 1882, No. 2, Stockholm). 
The first observation of M. Wagner was made 1870, April 5, and the last 1873, 
April 4. All the observations except three made in 1873, will appear in Vol. XIL 
of the Observations de Poulkova.t 
Pulkova, Sept. 20, 1882. 

* The magnitude of Br. 8077 is d-Saccording to Argelander. The magnitudes of theitars of comparison range between 8 '7 and 9 -5. 
t [ProfeMor BrtUmov found the parallax of B. 8077 equal to + 0""07 + 0"*02 hy meainring the difference of declination 
from a star 9*6 mag. 4* / and 83" south. See Dunsink Observations, Part II.— Ed.] 
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PEOFESSOR GYLDEN'S NEUE TJNTERSUCHUNGEN tlBER DIE 

THEORIE DER BEWEGUNG DER HIMMELSKORPER. 

Von Dr. O. BACKLUND. 

L 

In der Wissenschaft giebt es nicht viele Hypothesen, denen ein so glanzender 
Erfolg zu Theil geworden ist, wie der Newtonschen Hypothese iiber die 
allgemeine Gravitation. Abgesehen von Bedenken, welche von Dilettanten auf 
dem Gebiete der Himmelsmechanik erhoben sind, ist eigentlich nur einmal 
emsthafter Zweifel an der Richtigkeit dieser Hypothese ausgesprochen worden. 
Das Resultat, zu welchem Clairaut bei seinem ersten Versuche, die Bewegung 
des Mondapogaums theoretisch abzuleiten, gelangte, veranlasste ihn, wie 
bekannt ist, die Ne\i^i>onsche Hypothese als ungentlgend zu erklaren. Da 
fast gleichzeitig solche Manner wie Euler und d*Alembert in derselben 
Frage dieselben Resultate erhielten, so konnte dieser Umstand nicht umhin 
den schon angeregten Zweifel zu starken. Es war daher ein grosses Ver- 
dienst von Clairaut, als er selbst nachwies, dass seine theoretischen Resultate 
falsch waren, und dass eine richtige analytische Behandlung der Frage zu volliger 
Bestatigung der Newtonschen Hypothese fuhrte. Schoneres Lob konnte ihin auch 
nicht gesagt werden, als das, was Euler tiber ihn aussert (Theoria Lunsd p. 120) : 
" Gloria hujus insignis inventi cum industriae turn candori excellentissimi Clairaulti 
debetur, qui primus egregium hunc theoriae concensum cum veritate detexit et 
publico est professus." Die glanzenden TJntersuchungen von Lagrange und 
Laplace scheinen nachher die Newtonsche Hypothese so iiber alien Zweifel erhoben 
zu haben, dass in denjenigen Fallen, wo man nicht Theorie und Beobachtung in 
Einklang zu bringen vermochte, die Existens anderer Krafte, welche die Bewe- 
gung nach den Newton schen Gesetzen modificiren, neben der allgemeinen Attrac- 
tionskraft angenommen wurde. Und es ist vielleicht leichter in kritischen Fallen 
Zuflucht zum wiederstehenden Mittel oder zum Weber'schen Gesetze zu nehmen, 
als zu untersuchen, ob die in der Storungstheorie tiblichen Methoden ausnahmslos 
den Consequenzen jener Hypothese entsprechen. 

Es gereicht Professor Gyld^n zu grosaem Ruhm diese Frage in allem Ernst 
aufgenommen und beantwortet zu haben. Er hat der Astronomie ohne Zweifel 
grosse Dienste von dauernder Bedeutung geleistet, indem er gezeigt (Viertel- 
jahrsschrift, XVI, 4 Heft) dass die Annahme der Keplerschen Ellipse als 
Primarcurve fiir die Planetenbewegung nicht nothwendig auf convergente Anna- 
herungen fuhre, wenn diese ausserdem, wie gewohnlich, nach den Potenzen der 
storenden Krafte geordnet werden. 

Um diesen principiellen Mangel der alten Theorie zu vermeiden baut Gyld^n 
eine neue Theorie fiir die Bewegung der Himmelskorper auf Von dem fUr diese 
VOL. II. 2 B 
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Theorie Characteristischen wollea wir beilaufig das folgende angebeiL Als Primar- 
curve wird eine solche aDgenommeiiy die sich nalier als die Kepler'sche Ellipse an 
die wirkliche Bewegung anschliesst. Gyld^n nennt diese Curve '* intermediare 
Bahn." Weiter werden in der darauf folgendea ersten Annaherung die betracht- 
lichsten Glieder ebenso wie die Glieder langer Periode mit aufgenommen, aber 
dabei wird jede Entwickelung nach den Potenzen der storenden Krafte vermieden, in 
welcher bei nachheriger Integration kleine Divisoren auftreten und die Convergenz 
illusorisch machen konnen * 

Von Gyld^n's Arbeit : *' Undersokningar af Theorien for Himlakroppamas 
rorelser," welche seine neue Theorie darstellen soil, sind bis jetzt zwei Theile 
erschienen. In diesen sind aber die Grundztige der Theorie enthalten, und ich 
werde mich in den folgenden Zeilen bemiihen, dieselben so kurz wie mOglich 
darzustellen. Den bald erscheinenden dritten Theil werde ich vielleicht in einem 
spateren Aufsatze Gelegenheit haben zu besprechen. 

Der erste Theil enthalt die Theorie der intermediaren Bahn und die Theorie fur 
die Ennittelung der tibrig bleibenden Abweichungen (" Storungen "). Der zweite 
Theil enthalt wesentlich vorbereitende Untersuchungen uber die " absolute Bahn " 
nebst numerischen Anwendungen. 



In dem hier darzustellenden Theile der Gyld^n'schen Theorie handelt es sich 
nur um die Bewegung in der Bahnebene, welche als Fundamentalebene ange- 
nommen wird. Die Difierentialgleichungen der Bewegung sind also— 

^ a. Ci? — ^W 
rf<« "^ r« ~ h: 

^ ,fi^ «(o) 
rf^ "^ r» "^ ay • 

Wenn aus der Storungsfiinction (ft) eine Function/ (r), die nur Function von 
r ist, ausgeschieden und — 

= (0)+/(r) 

f(rHgp 

* Scbon die Newton'sche bevegliche Ellipae kOante eIb intennediKre Bahn dienen, denn durch gehOrige Bestunmiing der 

Goefficienten yon -^ kann tie die wirkliche Bewegung genauer aU die Kepler'sche Ellipse dantellen. Daaa CUIrant in seiner 

liondtheorie Oebranch Ton der intermedi&ren Bahn gemacht, iat wohl bekannt. Dabei hat er aber nicht die Nothwendigkeit 
ciner solchen eingesehen. Anch in aehier Planetentheorie (1747) legt Clainmt dne intermediSre Bahn aeinen nntersuchnngea 
sn Grande. In der merkwiirdigen Abhandlnng ** Investigatio perturbationnm qnibue planetanun liotns ob actionem eoram 
mutnam afficinntnr "— im Jahie 1766 der Pariser Akademie vorgelegt— linden wir, daaa anch Eoler die hitermediiie Bahn alt 
Tortheilhaf t betiachteL Da die Aatronomen aber an die Keplersche EUipee zn Eehr gewohnt waren, schien es ihm besaer, diese 
•la Prfantocurve ananwendec Die wahre Bedentnng der intermedibren Bahn war also Enler ebenao wie Clairaut voUatlndig 
oitgangen. Es ist In dieser selben Abhandlnng, wo, meines Wissens wenigstena, nun ersten Male die Idee der momentanea 
EUi^ gegeben wird. 
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gesetzt wird, so werden die Bewegungsgleichungen — 






welche mit Einfuhrung der Polarcoordinaten mittelst — 

05 = r COB v, y = r sin -w 

in die folgenden transformirt werden konnen — 



K'^tt) an 



oder, wenn man r* ~ = ^/c setzt — 



(1) 



dVc ^ to 



(2) 



Die wahre Lange v wird in zwei Theile zerlegt, nemlich — 

« =» ^0 + X- 

Bezeichnet Co einen constanten Mittelwerth von c, so soil diese Zerlegung naher 
angegeben werden durch — 

^ « ^ (a) 

dt r» ^ ^ 

Fur 11 = mogen r und F mit r© und F© bezeichnet werden, und mit r eine 
Function von t, welche folgendermassen definirt wird — 

^ ^ 5^ (5) 

Vo nennt Gyld^n intermedidre Ldnge, x Vcb^iation, r^ intermedidren Radiusvector 
und T reducirte Zeit Bei der Annahme = konnen wir daher statt der zweiten 
der Gleichungen (2) schreiben — 

S-.7 + §<' + ^-> = ' (3) 

welches die Differentialgleichung der intermediaren Bewegung isi Aus den 
Relationen (a) und (6) ergiebt sich — 

dt fr,\* 

'di^WJr 
Wird die Differenz 1 — 1 mit p bezeichnet, und — 
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gesetzt, so wird — 

r = n (1 + y). 

r^ wird Evection genannt. Setzen wir ferner < — t = T, so fiDden wir — 

Da ^ = J' ' s^ ist ^^c^ ^ "^ ^ ^ "^ ' ®^^ Ausdruck, der wegen -^ = -^ in 



den folgenden verwandelt werden kann — 






^^-'• 



Differentiiren wir diesen Ausdruck, so ergiebt sich — 

^ « -L 1^ « !f ^^ = !f *? .... (4) 

welche Differentialgleichung zur Bestimmung der Variation dient. Um den Ort 
eines Planeten vollstandig angeben zu konnen, muss noch der wahre Radius vector 
ermittelt werden. Zu dem Zwecke haben wir v oder p zu bestimmen. 

Diflferentiiren wir /> = i- — i zweimal, so finden wir leicht mit Bucksicht auf 

To r 

(a) und (6) — 

dvo* c. Y d^ ""' dr^y 

Wird in der zweiten der Gleichungen (1) ^ durch -^ ^ + -^ ersetzt, so findet 
sich — 

Die DiflTerentialgleichung der intermediaren Bewegung giebt — 

Werden diese beiden Ausdrticke in den Ausdruck fUr ^ eingefuhrt, so finden 
wir als DiflTerentialgleichung der Evection — 

Hiermit sind die Gyld^n'schen Diflferentialgleichungen sowobl fur die interme- 
diare wie fiir die wirkliche Bewegung gegeben, 

Wie schon bemerkt, ist der Zweck der intermediaren Bahn einen genaueren 
Ausgangspunkt fur die weiteren Approximationen an die wirkliche Bewegung zu 
gewinnen, als die Kepler'sche Ellipse bietet. Wollte man nun, nachdem die inter- 
mediare Bahn ermittelt worden, die folgenden Annaherungen, wie in den gewohn- 
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lichen Methoden, nach den Potenzen der storenden Krafle ordnen, so ware es am 
Einfachsten x ~ zu setzen. Dadurch wiirde man aber in die Schwierigkeiten 
der alten Methode zurttckfallen, welche darin bestehen, dass die Integrationen 
kleine Divisoren erzeugen mid dadurch die Convergenz vemngem. Die Ausschei- 
dung von ^ aus der wahren Lange und ihre Bestimmung so wie die Bestimmung 
von p in der Weise, dass diese Schwierigkeiten vermieden werden, gehort daher zu 
den Cardinalpmikten der Gyld^n'schen Theorie. Der Erfolg auf dem einge- 
schlagenen Wege hangt also wesentUch von der Integration der Differentialgleich- 
ungen (3), (4) und (5) ab. Die Schwierigkeiten, welche sich an die Integration von 
(4) und (5) kntlpfen, sind bedeutend ; die Art und Weise, wie Gyld^n diese besei- 
tigt hat, bezeichnet einen mathematischen Fortschritt, der gewiss fiir die Entwicke* 
lung der Astronomie in vielerlei Beziehung eine grosse Bedeutung haben wird. 

Fuhren wir in (3) v^ als unabhangige Variable ein, so wird die Differentialgleichung 
der intermediaren Bahn — 

<IV^ Co Co 

wo R = - gesetzt ist. Wenn Fo eine rationale Function von R ist, so fuhrt diese 

Gleichung auf elliptische oder hyperelliptische Integrale. Es ist dies auch der Fall, 
wenn F© einfach einer ganzen Potenz von R gleich gesetzt wird, ausgenommen, 
wo Fo = icR, denn diese Substitution fuhrt auf ein trigonometrisches Integral 
Substituiren wir daher allgemein F© = ic R*, so konnen wir — 

dof c^ Co 

als die Differentialgleichung einer Bahn betrachten, in welcher ein Planet um die 
Sonne unter dem Einflusse einer Centralkraft von der Form — 

H^ Co V + « 

sich bewegt. In einer solchen Bahn sind bekanntlich die Apsiden beweglich. 
Durch zweckm3.ssige Wahl des zweiten Gliedes kann also schon in der intermedi- 
aren Bahn ein wesentlicher Theil der Apsidenbewegung der wahren Bahn 
berticksichtigt werden, und zwar so, dass die Unterschiede der intermediaren Orte 
von den wirklichen nicht die Ordnung der Excentricitat der Bahn des *'' gestorten " 
Korpers iiberschreiten, wahrend diese Unterschiede in der elliptischen Bewegung 
von der Ordnung der Summe der Bahnexcentricitaten des gestorten und der 
storenden Korper werden konnen. Ftir 71 = 1 kommt man auf den von Newton 
(Principia, sectio 9, Prop. 44) behandelten Fall, in welchem die obige Gleichung 
auf ein trigonometrisches Integral fuhrt, und zwar wird die Gleichung der Bahn — 



1+6 COB /l-ffi? . Vo 
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also eine Ellipse, die sich um das Bewegungscentrum mit gleichformiger- 
Geschwindigkeit dreht.* 

Die Newton'sche bewegliche Ellipse ist aber nicht diejenige intermedi&re Bahn, 
welche sich unmittelbar und am natiirlichsten darbietet. Betrachten wir namlich 
die bekannten Entwickelungen der Storungsfunction — 

1 1 r^ rS 

so ist augenscheinlich am zweckmassigsten F© proportional r* anzunehmen, wenn 
der "storende" Korper stets ausserhalb, und proportional i wenn der "storende*^ 

Korper stets innerhalb der Babn des *' gestorten " sich bewegt, da in diesem Falle 
die beiden ersten Glieder durch Transformation auf den Schwerpunkt des Systems 
weggeschaft werden konnen. Es ist auch diese Wabl, die Gyld^n macbif 
Es wird daher angenommen — 

fur den ersten Fall, und — 

flir den zweiten, wodurch die Differentialgleichung der intermediaren Bahn wird — 



bezUglich — 

dv^ Co Co 



(6> 



Die erste ist die Differentialgleichung der Bahn fUr den Fall, dass die Centralkraft 
durch den Ausdruck — 

gegeben ist, die zweite stellt dagegen die Bewegung dar, wenn die Centralkraft 
von der Form ist — 

->- pi- 
Die zweite Gleichung ist von Gyld^n in der Abhandlung ** Om banan for en 
punkt, som ror sig i en sferoids equatorsplan " integrirt worden. Da in der Arbeit,, 
die wir jetzt besprechen, vorausgesetzt wird, der " storende " Korper befinde sich 

* Vargldch flbrigens d*Aleinbeif8 anafltiirliche Unterrochnngen fttr yancliiedene Hjpotheten fiber die CentralkrafV 
Becherches snr differents points importanto da STttdme da Monde, T. II, pp. 1B6 et seq. 

t Die Kewton'Bche Bahn in wilhlen ist hier dorchaus kein Grand vorhanden. Es sei denn, dass gewisse Vomrtheile gegen 
die Theorie der Elliptischen Fanctionen and ein Bestreben, die Existens dersdben la ignoriren, entscbeidend sind. 

X Die Art and Weise wie Clairaat die Bewegang des Mondapogenms das erste Mai ermittdte, war im weeentUchen nichts 
anders als eine Ableitang der Bewegnng derApdden der dnrch diese Gleichong bestimmten intermediSren Bahn. Dass er dabei 
nor den halben Betrag der wirklichen Bewegong erhidt, war also die Folge daf on, dass er in der That die gegen dem Radios 
rector senkrechto Ejfdt onberflcksichtigt liess.' Ebeoao kann die dorch die intermediSre Bahn, so wie GjMtfn sie definirt,, 
flrmittelte Apsidenbewegnng nicht die yullatibidige sein. 
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^tets ausserhalb der Bahn des ^^ gestorten '' Korpers, so interessirt uns hauptsach- 
lich die erste Gleichung, welche ftir die hier vorliegenden Zwecke voUstandig 
integrirt wird. Dieser Aufsatz wiirde zu umfangreich werden, wenn wir Gyld^n's 
Auseinandersetzung liber die Integration im Detail verfolgen woUten ; wir miissen 
uns daher mit der Angabe der Hauptztige begntigen und konnen fiir die Einzeln- 
heiten auf die interessante Schrift : '' Tiber die Bahn eines materiellen Punktes, 
der sich unter dem Einflusse einer Centralkraft von der Form ^ + fi^r bewegt," 

KongL Swenska Wetenskapsakademiens Handlingar^ Bandet 17 No. 1, verweisen. 
Wird— 

oder^ was dasselbe ist, 

gesetzt, so erbalten wir nach einmaliger Integration aus der ersten der Differential- 
gleichungen (6) — 

wo der Index o iiberall weggelassen ist. h bedeutet wie c eine Integrationsconstante. 
Die Wurzeln der Gleichung — 

sind alle reell, darunter zwei positiv ; es soUen diese mit r, und r, bezeichnet 
werden. Weiter wird gesetzt — 

p a= r V^; p, = r, VJI^; p, = r, Vjj^ 
Es ergiebt sich somit — 

Um diesen Ausdruck auf die Normalform fur die elliptischen Functionen zu 
reduciren wird fiir r eine andere Variable y eiB^efuhrt, und zwar durch die 
Gleichung — 

n + «»y 

"^ - 1 + ny ' 

wo m und n folgendermassen bestimmt werden — 

^ (^i — n) (y + m) 

m s= ; 1 

n^^ P,-P, ^ 

y + /^ + PM 

Wird ausserdem — 

C*' + A* + p.) (^^ ~ A* - Pi) 

* p nad y hier sind nicht zn yerwechfleln mit denselben BezeichnangeQ in den Ansdiilcken fllr die Bvietion. 
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gesetzty und fi durch die Gleichung — 

bestimmt, so erhalten wir — 

y = snu 
WO die Integrationsconstante der KUrze wegen fortgelassen ist. Die gesuchten 
Grossen lassen sich vortheilhaft durch die ^-Function ausdriicken, wenn noch fol- 
gende Bezeichnungen eingefuhrt werden — 

« = — ^* an «*, — =s — A:* sn t ^, 

WO i = VZn. Nach diesen Vorbereitungen konnen die folgenden Ausdriicke fiir 
den intermediaren Badius Vector, die intermediare Lange und die reducirte Zeit 
abgeleitet werden — 






(f-^-)»{^-) 



« — «o == (1 + c) « + » log /K 



e 



WO Vo und To Integrationsconstanten sind. c wird intermediare Anomalie genannt 
und ifit mit u durch die Gleichung — 



K« 



verbunden. 9 und N bedeuten mittlere Bewegungen und ergeben sich aus den 
Ausdrttcken— 

"^ " ir Lo (« + ur -. tK') + (« — iV + tK') J 



Nachdem so die intermediare Bahn bestimmt ist, erubrigt es die Differential- 
gleichungen der Evection und der Variation zu integriren. Die beiden hochst 
interessanten Paragraphen, in welchen Gyld^n diese Aufgabe erledigt, werden 
wir vorlatifig nur leicht beriihren, da sie keine nothwendige Voraussetzung fur 
das Verstandniss der zweiten Abhandlung enthalten. In einem zweiten Au&atze 
woUen wir aber einen voUstandigen Ueberblick der fiir die Gyld^n'sche Theorie 
eigenthiimlichen Differentialgleichungen geben. 
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Die iJifferentialgleichungen der Evection und der Yariation konnen nur durch 
successive Annaherungen integrirt werden, aber es soUen schon in der ersten 
Annaherung die Glieder zweiter Ordnung und die von langer Periode mitgenommen 
werden. Wird die Grosse p kleiner als eins vorausgesetzt, so konnen wir uns 
die rechte Seite der Gleichung (5) nach den Fotenzen von p entwickelt denken, 
wonach wir die Difierentialgleichung der Evection folgendermassen schreiben 
konnen — 



^ + (1 +i3<»> + ^.)p = *• +V'#" + i/'rf*" + 



j8o^*^ ist eine Constante, ^0 • • • periodische Functionen von der Ordnung der storenden 
Elrafb. Die in der ersten Annaherung zu integrirende Gleichung ist folglich — 

Diese wird in mehrere andere zerlegt, deren Integrale leichter zu ermitteln sind. 
Zu dem Zwecke wird vorausgesetzt, dass ^i und ^o durch folgende convergente 
Entwickelungen dargestellt werden konnen — 

4,, = A<'> COB(X/»)t^o + W') + ^i'^ COB(X,<'>t;o + h <»>) + . . . 

WO die ^, X und 6 Constanten sind. Von den X konnen einige schr klein und also 
die entsprechende Glieder von langer Periode sein. Es wird iiun angenommen, 
die Zahl der in ^i enthaltenen merkbaren Glieder sei Sy und p dann folgendermassen 
zerlegt — 

p = Ro + Rx + R. + . . . + R. + R.+. . 

Die Art und Weise, wie die Functionen R bestimmt werden, flihrt auf Differen- 
tialgleichungen von der Form — 

d*R 

gj;i + (l-^/3o + i3eoB(Xt; + 5))R = I7 ... (A) 

wo U von R unabhangig ist. Diese Gleichung ware also integrirt, wenn man — 

g + (1 + /3o + i3 oo.(Xi; + 6) )R = 

integriren konnte. Direct kann man auch diese nicht integriren, und die bisherigen 
Versuche sie durch successive Annaherungen zu integriren sind unbefriedigend 
ausgefallen (T^ergl. Heine, Handbuch der Kugelfunctionen, 2te Auflage, Th. I, 
pp. 404-405). Dagegen ist die von Gyld^n gegebene Methode eine voUstandig zum 
Ziele fiihrende. Er setzt — 



xmd eliminirt cob 2^ x durch die Reihe— 

yo*'* + Sy^^** COB 2 am » + 2y^<«> cos 4 am « + . . . 
VOL. II. 2 F 
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wo die Coefficienten gemass den Vorschriften in " Studien auf dem Gebiete der 
Storungstheorie," M6m. de St. P^tersbourg 1871, zu bestimmen sind. Mit n 
bezeichnen wir eine ganze positive Zahl, bestimmen den Modul h aus der 
Gleichung — 

n(n + l)*««16y*->^,(^y 
und setzen- - 

Dadurch geht die DiflTerentialgleichung (A) nach gehoriger Reduction in — 



da? 



-[n(n+l)*»8naj« + A]R = ^(2gyi^ - 8 § ( ^j* [y,» cos 4 am* + . . .]R 



tiber. Die Coefficienten von R auf der rechten Seite kann man so klein machen^ 
wie man will, wenn n hinreichend grosse Werthe erhielt Durch fortgesetzte 
Annaherungen wird man dann diese Gleichung integriren konnen. Die Integra- 
tion der Differentialgleichung der Evection ist also auf die Integi'ation der 
Lam^'schen Gleichung — 

^ = [n(n+l)*«8n«« + A]R 

zuruckgefuhrt. Aber durch Hermite's klassische Aufsatze " Sur quelques appli- 
cations des fonctions elliptiques " in den Comptes rendus wissen wir, wie diese 
Differentialgleichung integrirt werden kann. 

Ueber die Integration der Differentialgleichung der Variation, die auch auf die 
Lame'sche Gleichung zuruckgefuhrt wird, findet man in den Comptes Rendus XCV 
einen erschopfenden Au&atz. 



11. 

In Folge der Gyld^n'schen Methode die Differentialgleichungen zu integriren 
treten in den Integralausdriicken Glieder auf, in welchen die storende Masse nicht 
in die Coefficienten sondem in das Argument multiplicirt ist. Solche Glieder, deren 
Perioden entweder sehr lang oder nahe gleich den Umlaufszeiten sind, verschwinden 
nicht mit der storenden Masse. Gyld^n nennt sie elementare Glieder, im Gegensatz 
zu den coordinirten Gliedem, welche mit der storenden Masse verschwinden. In 
den elementaren Gliedem sind die in der gewohnlichen Storungstheorie sogenannten 
secularen Storungen enthalten. In dieser Hinsicht besitzt also die neue Theorie 
einen wesentlichen Vorzug vor der alten, denn da Gyld^n die Integration derart 
ausfiihrt, dass Bogen nicht ausserhalb der Zeichen cos und sin auftreten, wo dies 
der Natur des Problems fremd ist, leuchtet es ein, dass die Gyld^n'sche Theorie 
im Stande sein wird mehr als Interpolationsformeln zu liefern. Lost man dagegen 
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^as Dreikorperproblem durch Eiiti??ickelung nach tien Potenzen der storenden 
Erafte^ so kommt man nicht fiber Interpolationsformeln mit beschrankter Geltung 
hinaus. Grossere Anspriiche stellt die gegenwartige Storungstheorie freilich nicht^ 
aber in gewissen Fallen werden auch diese nicht befriedigt. 

Wenn nun in passender Weise die elementaren Glieder ausgeschieden und die 
schon gewonnenen Resultate der intermediaren Bahn zweckmassig verwendet 
werden, so wird man eine neue intermediare Bahn herstellen konnen, die sich nur 
um Grossen von der Ordnung der storenden Krafte von der wirklichen Bahn 
unterscheidet. Es wird zu keinem Wiederspruch fiihren, wenn man sich die 
Elemente einer solchen Bahn aJs absolute Constanten denkt — wenn sonst das 
System stabil ist — ^^dagegen konnen die Elemente der im Vorubergehenden 
besprochenen intermediaren Bahn Naturgemass nicht unveranderlich sein. Eine 
Bahn, deren Elemente absolute Constanten sind, und welche sich an die wirkliche 
Bahn bis auf Grossen von der Ordnung der storenden Krafte anschliesst, nennt 
Gyld^n absolute Bahn. 

Die Bestimmung der absoluten Bahn kann selbstverstandlich nur durch successive 
Annaherungen geschehen, zu dem Zwecke wird es also nothig sein zuerst die 
intermediare Bahn zu kennen. Uebrigens versteht es sich aber von selbst, dass 
€S fiir die Kenntniss der absoluten Bahn nicht mehr ausreichen wird nur eine 
Function von r aus der Storungsfunction auszuscheiden, vielmehr muss die 
auszuscheidende Function sowohl eine Function von r wie von v sein. 

Da es zunachst wichtig ist die absoluten Bahnen der Planeten abzuleiten, und 
zwar in erster Linie diejenigen der grossen Planeten, so wird in den folgenden 
Untersuchungen angenommen, dass die Excentricitaten kleine Grossen sind, weil 
eine solche Annahme wesentliche Erleichterungen herbeiftihren wird. Es sollen 
demgemass die elementaren GUeder von der ersten Ordnung genannt werden, wenn 
ihre CoeflScienten die Excentricitaten, von der zweiten Ordnung> wenn sie die 
Quadrate oder Producte der Excentricitaten als Factor enthalten, u.s.w. 

Unter der Annahme kleiner Excentricitat lassen sich Ausdriicke fUr die 
intermediaren Coordinaten ableiten, welche fiir die folgenden Untersuchungen 
zweckmassiger sind als die Ausdriicke, welche in der ersten Abhandlung gegeben 
sind.* 

Wenn wir in der Differentialgleichung — 



rfi-^-f^d + ft) 



«etzen, so erhalten wir sofort — 



*^'*» a. « = T? 



« DieM Ableitang hat anoh den Voraog, dass keine aadere Annahme ttber die Function F nOthig ist, als daas sie eine 
Function Ton r ist. 

VOL. II, 2 P 2 
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Fo konnen wir uns in die Reihe ^o "^ A po + A />*o + • • • entwickelt denken ; denn 
Fo ist eine Function nur von r^ und p^y also oflfenbar von der Ordnung der 
Excentricitat. Die /8-Coefficienten enthalten ausserdem die storende Masse al& 
Factor. Die Differentialgleichung konnen wir daher schreiben — 

Abgesehen davon, dass hier die Coefficienten Constanten sind, ist diese Gleichung 
von derselben Form wie die Differentialgleichung der Evection. Die Integration 
wird auch in analoger Weise ausgefiihrt. 

/Do wird in zwei Theile zerlegt, namlich /)o == R© + S©, und R© mittelst der 
Gleichung — 

^ + (l-/J0Ro-/3.Rp» (a) 

bestimmt. Fur S© erhalten wir dann — 

^- + (1 - ft - 3/J.R,»)So = Bo + BA + BA» + . . . 

WO folgende Bezeichnungen eingefiihrt sind — 

Bo = A + /3.Ro* + /? A* + Alto* + . . . 
B, = 2/3.B, + 4ARo» + 5i3.Ro* + . . . 
B, = A + 3/3.E0 + 6ftIlo« + . . . 



Zerlegen wir femer S© durch S© =* Ri + Si und bestimmen Ri mittelst — 



^ + (l-.A-3ARo')R. = Bo OJ) 



so wird sich Si aus — 



^ + (1 - A - 3/3.E,«)S, = Co + CA+ OA* + . . . 

ergeben, wenn wir in ahnlicher Weise wie oben setzen — 

Co = B,R. + B.R,» + 'B.R,» + . . • 
C» == B, + 2B,R, + 3B,R»« + . . . 
Og = B, + 3B,R. + 6B^R,a + . . . 

Wird in dieser Weise die Zerlegung fortgesetzt^ so erhSit man p unter der 

Form — 

Po .-= R, + Ri + R + . . . 

wo die Reihe auf der rechten Seite als convergent varausgesetzt wird. 

Yon den hier zu integrirenden Gleichungen bietet (a) keine wesentliche Schwie- 
rigkeiten. Sie giebt nach einmaliger Integration — 

(^y - y* - (1 - A)R.* + JARo* 
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wo g eine Integrationsconstante bedeutei Setzen wir — 

^\l + *») = 1 _ /3. 

SO konnen wir diese Gleichung wie folgt schreiben — 
woraus wir — 

Ro = r an 2 (v^ _ t?o^)^ mod k 

erhalten. Dieser Ausdruck wird einfacher, wenn — 

r 






gesetzt wird. Es ergiebt sich namlich dann, wenn a:© fortgelassen wird — 

Die Integration der Gleichung (/8), welcher die Ubrigen Differentialgleichungen 
zur Bestimmung von R,, R, . . . vollkommen ahnlich sind, wird folgendermassen 
aasgefiihrt. Mit Eucksicht auf den gewonnenen Ausdruck fur Bq und nach 
Einfuhrung von x als unabhangige Variable, nimmt ifi) die Gestalt — 

^+^[l-A-3/3.^«^«^]Ri=^Bo . . . . (y) 

an. Aus der Theorie der Lam^'schen Differentialgleichung wissen wir, dass 
diese Gleichung (die rechte Seite gleich Nul gesetzt) die beiden particularen 
Integrale — 

Rj I = C| en a; dn X 

R,.. = C. en » dn ajy^j^^^j^ 

hat. Wie man mit Hulfe dieser particularen Integrale zu dem folgenden Ausdruck 
des vollstandigen Integrals der Gleichung (y) gelangt — 

Rj «=: Oi cn 05 dn jc + Og < -r-j r^ — q) / cnajdno;— .j^«cna5dn«> 

-^cn«dn*yBoL^_-j^^^cna:dn(«Jcto 

+ -J I -jn XT — atS^ cnxdn^l /BoCna?dnaj(fo — —jr^cnajdnof/diB/ BoCnxdnxcir 

ist in der Yierteljahrsschrift d. a. G., I. c, auseinandergesetzt Eben daselbst ist 
die bemerkenswerthe und fUr die weiteren Untersuchungen wichtige Eigenschaft 
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nachgewiesen^ welche darin besteht, dass Bi (and aus denselben Griinden auch 
Ej, Rs ^tc.) rein periodiscli ist, wenn Ci = und C, so bestimmt wird, dass die 
mit X multiplicirten Glieder verschwinden.* 

Da die intermediare Bahn als Mittel zum Uebergang zu der absoluten benutzt 
Tverden soil (und darinn liegt die grosse Bedeutung der intermediaren Bahn) so 
ist es vorlaufig nnr von Interesse die elementaren Glieder in der Entwickelung von 
po zu berucksichtigen ; von den iibrigen Gliedem wird es jedoch von Nutzen sein 
das constante Glied kq von Ri + R, + . ^ . zu behalten. Offenbar kann nur 
Ro elementare Glieder liefern. Entwickeln wir die rechte Seite von — 

B^ = ic sin ^ (vo - Vo^) 

nach den Vielfachen des Argumentes, so ersieht man leicht, dass nur das erste 
Glied dieser Entwickelung elementaren Characters ist. Dieses Glied ist — 



4 w Vq . 

Setzen wir dann — 




/I -A » 
V 1+A* 2K'='*- 


c ; » = (1 — c) «." — qv", 



SO erhalten wir den folgenden Ausdruck fur pQ — 

Po = «fo + «i COB [(1 — c) Vo — »]. 

^t^o- kann hier aus verschiedenen Ursachen nicht der vollstandige Ausdruck fur 
die mittlere Bewegung der Apsiden sein ; tt bedeutet die Lange des Perihels. Der 

grosste Worth von'/)© ist ico + ki, der kleinste kq — ici, bezeichnen i ^ ^ und Y+^ ^^ 

entsprechenden Werthe von - , so findet sich — 

fja 1 

Co "■ (1 + r,) (1 - 6>) 



e 



1 + Co 

und — 

a 1 + « cos [(1 — c) V q — ^r] 

7o^ rzT? 

Diese Ausdriicke fur />© und - werden in der Folge Werwendung finden. 

Ebenso wie bei der intermediaren Bahn soil bei der absoluten Bahn v zerlegt 
werden, indem gesetzt wird — 

* Diese Fonnlen konnea, wie rick spater zeigen wild, nalieza onTerftadert angewandt werden, wenn j3o dne bekaanto Func- 
tion yon der Fonn— 

S a« COS (ffi •© — AO + 2 ft« coi ( (1 — ffi) vo — B|) 

wo 9i yon der Ordnnsg der stffrendea Krilte iet 
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Fuhren wir diesen Ausdruck in die Gleichung — 

dt iv 



ein und bestimmen v^ durch — 

(J) 



so wird — 



d^ _ «(0) 5» ro n 
dt ^ dv '^ ^LVfc«J 

[Qo-o] ist freilich eine Function sowohl von r und p wie von v ; aber da p 
schliesslich durch v ausgedruckt wird, so kann [Qo-o] als eine Function nur von 
V angesehen werden. Das Difierential der Zeit ergiebt sich nun folgenderweise ; 
setzt man namlich — 

so liefert die vorletzte Gleichung — 

woraus, indem die Integrationsconstante = c© angenommen wird, leicht hervorgeht — 

Vc.{l+2f[CU]dv.) 

In der absoluten Bahn braucht man ofienbar nicht irgend einen Theil der Lange 
als Yariationsglieder anzugeben. Dagegen wird es nothig sein, den Ausdruck 
fUr die reducirte Zeit zu modificiren. Bezeichnet £ die reducirte Zeit, Z eine noch 
zu bestimmende Function von Vq und (r) den Radius vector der absoluten Bahn, 
so konnen wir folgenden Ausdruck aufstellen — 

Ersetzen wir hier dt durch dvo, so wird der Aasdruck tar die reducirte Zeit — 

(r)« 

Eliminiren wir ebenso dt aus der zweiten der Gl. (7), so ergiebt sich — 

>■ di ~ir ~ P ^^^' 

Die DifierentialgleichuDg der Yariation konnen wir also schreiben — 

<£»,« + * dv, dv,= Z\e, h> -l'^Ji • • • W 

Eine ahnliche Gleichung soil nun.auch fiir den Badius vector abgeleitet werdeii. 
Die zweite der Gleichungen (1) giebt nach Einfiihrung von v© + X ^****' "o — 
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Berucktichtigen wir die Relation — 

so finden wir — 



oder — 









dv, 

•3r = 








dfi 


- 




d Ve^ r 
dVf, 
dv^ 






= - 




-I 

dv* ' 


■ r« dv. 


dv. 



Ftthren wir diese Ausdriicke in die Differentialgleichung ein, so konnen wir sie, 

nachdem wir mit a multiplicirt und — a -^ mit P bezeichnet habeu^ folgender- 
massen schreiben — 



Statt r wird es zweckmassig sein hier p mittelst — 

r Po 

einzufuliren, wo— 

ist ; in gleicher Weise setzen wir auch — 
Dadurch wird die Differentialgleichung — 

Setzen wir nun in der absoluten Bahn — 

_L HiS 
(p) " (P) 

a _ l+(p) 

W ~ (P) 

g g (R) 

r (r) ip) 
SO wird — 

g 1 + 0>) + (R) 

♦• iP) 

oder, wenn (/>) + (R) « [/>] gesetzt wird — 

« 1 + M 

Fiihren wir diesen Ausdruck in (9) ein, so finden wir fur {p) eine der Gleichung 
(10) iihnliclxe Gleichung, die aber nicht ganz so einfach ist, denn {p) ist yeiiiJiderlic^ 



i 



Professor CryhUrCs Neue Untersuchungen. 219 

und zwar eine Function von denselben Variabelen wir p. Der veranderliche Theil 
von {p) ist aber von hoherer Ordnung als p. In die Difeentialgleichnng fur [/>] 
soil dann (p) + (R) eingefuhrt werden, die resultirende Gleichung zerfallt in 
TJebereinstimmung mit den Principien der absoluten Bahn in zwei andere, von 
welchen die eine fUr (p), die andere fiir (R) ist. Fiir die vorlaufige Untersuchung 
der absoluten Bahn wird es aber bequemer sein eine Function p von {p) statt p 
selbst zuerst zu bestimmen. Setzt man namlich — 

a 1 +p + R 
WO— 



so wird — 



(P) — Po . Po / . 



Hierdurch werden zwei Vortheile gewonnen : erstens wird die Differentialgleichung 
fur p einfacher als diejenige fur (p), und zweitens wird es nach der Bestimmung 
von p moglich (p) so zu wahlen, dass (p) die einfachste Form erhalt. 

Um p zu bestimmen muss also der Ausdruck — 

in (10) substituirt werden. Diese Zerlegung von p ist noch wilkiirlich. Erwagen 
wir aber, dass es vor alien Dingen nothig ist die elementaren Glieder zu ermitteln, 
und dass der Ausdruck fur den Radius vector keine Variationsglieder enthalten 
soil, so konnen wir die Zerlegung derart ausfuhren, dass p aus — 

d^^+ i dvo d^o'^^^K Pi)"^ Pi t J 
bestimmt wird, oder da — 

Pi ^^2 

ist, durch — 

i.^+i^^+ji'-'-i+'^m (") 

wo [P] die Summe der in P zu beriicksichtigenden Glieder bedeutet, und ausserdem 

eventuell das constante Glied in (^ J enthalten kann. Die Differentialgleichung 

fiir R, die sich jetzt von selbst ergiebt, werden wir hier nicht anfiihren, da sie bei 
der vorbereitenden Untersuchung uber die absolute Bahn keine Verwendung 
findet. 

Die Gleichung (11) integrirt Gyld^n zunachst durch die Methode der unbestimmten 
Coefficienten. Um diese Methode mit Erfolg anwenden zu konnen muss eine 
vorlaufige Untersuchung tiber die Form von p angestellt werden. Dazu, und 
tiberhaupt um weiter gehen zu konnen, wird eine zweckmassige Entwickelung der 
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StoruDgsfunction erforderlich sein. Die im §VI der zweiten Abhandlung gegebene 
Methods die Storungsfuuction zu entwickela hat Gyld^n schon in den Astr. Nachr. 
LXX auseinandergesetzt ; hier werden wir uns damit beschranken mtissen die 
Besultate, welche wir brauchen, anzuftihren. Diese sind — 

S ^ -LS2 S3 fV] ^ + ps as ^f'] '-^ +■ • • 

WO die p, wie firtiher bemerkt, mit den Radien vectoren durch — 

O __ 1 + p flh 1 + p* 

verbunden sind, und H der Winkel zwischen r und r' ist. Die accentuirten Grossen 
beziehen sich auf den storenden Korper. Die Co-efficienten ^^^ und ^,y sind 
rationale Functionen von jpo "iid jpo'* Setzt man nun — 

(R) = (p.) + (p^ + . . . 



woraus — 



oder — 



i^<"' 


-R = ?i+7. + . . 


a 


1 + 0>) + (p.) + . . . 


r 


(p) 


a 


l-rP + P.+. . . 


r 


P* 



80 fiihrt weder die Substitution von (p), noch diejenige von p auf vollstandige 
Ausdriicke fur die Differentialquotienten der. Storungsfuuction ; es mtissen also 
durch successive Annaherungen die {pi), {p^ etc. oder (pi), (p,) beriicksichtigt 
werden. 

Ebenso wie - a ^^ durch P, soil - a 4^ durch Q bezeichnet werden, und dann 

sollen P^ und Q^y die Werthe dieser Functionen bedeuten, welche die Grossen (p), 
(pi) . . . ipi) und (/>') . . . (p/) enthalten. Demgemass bezeichnen also Po-o und Qo, 
diejenige Werthe von P und Q, welche nur (p) und (p') enthalten. 
Statt H soil V eingefdhrt werden. Es ist bekanntlich — 

COB H c= COB (v + n) COB (v' + n') + sin (« + n) am (v' + ff) sin J 

WO n der Bogen zwischen dem aufsteigenden Knoten der Bahn des gestorten 
Korpers auf der Bahn des storenden und dem Anfangspunkt von v ist, und n der 
Bogen zwischen demselben Knoten und dem Anfangspunkt von v'. J ist die 
gegenseitige Neigung der beiden Bahnen. Diese Grossen sind veranderlich, aber 
die Differenz 11 — 11' ist nahe constant wenn J klein ist, was angenommen wird. 
Setzen wir—* 

so wird''^^ 

OOBH=ifiOOB(t; — t/ + A) + VCOB(tl + t/ + n + n'). 
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Durch die von Herm Tisserand in den Pariser Annalen Bd XV. dargestellte 
Methode lasst sich dann H durch v und v^ in den Differentialgleichungen der 
Stdrangsfunction ersetzen. 

Bei der Integration der Gl. (11) beschrankt sich Gyld^n auf die Ermittelung der 
elementaren Glieder erster, zweiter, dritter und vierter Ordnung. Man braucht 

daher in den Ausdriicken von P und Q nicht uber die Glieder in cos H und — ^^ — 

hinauszugehen, da die librigen Glieder auf Grossen hoherer Ordnung fiihren. 

Da der Ausdruck von p' in der absoluten Bahn noch nicht als bekannt ange- 
nommen werden darf, so muss der angefiihrte intermediare Ausdruck angewandt 
werden ; dabei kann aber das constante Glied weggelassen werden, weil dasselbe 
keine elementaren Glieder verursacht. Es sei also — 

p' = ic'cosL(i-0<-r']- 
Bedenkt man nun, dass die Argumente der elementaren Glieder im Allgemeinen 
nicht die mittlere Bewegung oder die mittlere Lange des storenden Korpers, 
sondem nur die mittlere Bewegung der Apsiden desselben enthalten, so ist 
ersichtlich, dass solche Glieder nur von den Producten p' cos v', p' sin v', p'*cos 2^, 
p^sin 2v' etc. heniihren konnen ; und zwar sind die, welche aus p' cos v' und 
/)'sin v' entstehen — 

i/'co8(c' V + n und ir'Bin (c'V + ^ 

Die librigen Producte geben Glieder hoherer Ordnung als die hier mitgenommen 
werden soil. Mit Rttcksicht auf die hier beabsichtigte Genauigkeit kann man 
^^' =. fi^^ setzen, wo fi das Verhaltniss — der mittleren Bewegungen bedeutet. 

Die Ausdrtlcke, welche fur p'cos i/ und p'sin v' in P und Q eingefuhrt werden 
BoUen, sind also — 

ic' COB {fiQ\ + r), ir' sin Qic'v^ + V). 

Dadurch wird — 

p' COB H = Ik cob'JJ cos (y^ — fjiQV^ + A — T^) 
p' i2^ = ^k' cob^JJ 8m(t;o - f^n'v, + A ~ r) 
und — 

P = 2 §2;;* + i^' coB«iJ cosK - /ict^o + A - n 2 §lVp' 
Q = « Jr'coB«Jj8m(t,,- ,xc'i;o+ A - r) 2 <^'ll ^^ 

indem in P p statt p gesetzt ist. Substituiren wir nun in Q den Ausdruck filr p», 
den wir von der intermediaren Bahn kennen, namlich — 

Po = «o + *i [ (1 - c) n - r) 
und setzen — 

v, = (i_c)%-r 

V. = (c - fic') t;. + A + r - r 
«o soil folgender Ausdruck angenommen werden — 

[Qo-o] = - a,Bin(V. + V,) + o^ain V» 
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wo a, und a, leicht zu ermitteln sind. Aus der GleichuDg — 

findet man dann — 

wenn — 

2a, 



VLm'- 



1-/XC 
2«. 



ist. Aus der Form, welche der vorstehende Ausdruck von P annimmt^ wenn der 
intermediare Ausdruck fiir p^ eingefiihrt wird, schliesst Gyld^n, dass die bedeu- 
tendsten Glieder im Ausdrucke fur p die Argumente Vo, Vq + Vi und Vj enthalten 
mttssen ; er setzt also — 

p =. «i, + c, COS V. + r, co8(Vo + V,) + If, cos V, + p. 

p bedeutet die Summe der nicht angesetzten Glieder. Wenn hier ic, und k, als 
Grossen der ersten Ordnung angesehen werden, so wird es sich zeigen, dass Kg von 
der dritten und k^ von der vierten Ordnung ist. Bildet man nun p' und p* (weiter 
braucht man der gesteckten Genauigkeitsgrenze gemass nicht zu gehen) und fuhrt 
sie in P ein, so findet sich — 

[P«] = ^0 + fti 008 Vo + 6,C08 (Vo + VJ + 6,C0B V, + [[PjJ] 

wo die Ausdrucke fiir ho, 6i, 6i und 6, ohne Schwierigkeit zu finden sind. [[P|-o]] ist 
die Summe der iibrigen in P enthaltenen Glieder, Setzt man die so gewonnenen 
Ausdrucke in die GL (11), so findet man ausser einer DiiSerentialgleichung in p vier 
BedingungsgleichungeU; aus denen die Grossen kqj ki, k^ und k^ zu bestimmen 
waren ; indessen fallt ki als gemeinschafUicher Factor gerade aus der Gleichung 
fort, durch welche diese Grosse bestimmt werden soUte, aber die librig bleibende 
Bedingung kann zur Bestimmung von 9 angewandt werden. kx muss also 
anderweitig bestimmt werden. Dies kann folgenderweise geschehen. Der 

intermediare Ausdruck fiir - kann man schreiben — 

l + floOB(Vo + r — r) 
l-«« 

woraus sich ergiebt — 

} - YZr? - ^ + r^TP [« COB (ir - r) cos Vo + « sin f.- - r) sin Vo]. 

Yergleicht man diesen Ausdruck mit dem obigen, kq, ki etc. enthaltenden, so findet 
man Bedingungsgleichungen, aus welchen ki und T durch successive AnnsLherungen 
bestimmt werden konnen, indem man beachtet, dass ZkiK^ ein angenaherier Worth 
von K, ist. 

Die Difierentialgleichung in p wird dann dazu benutzt die Glieder dritter and 
vierter Ordnung zu berechnen ; die fUr diesen Zweck nothige Bedingungsgleichungeik 
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erhalt man leicht mit Rticksicht darauf, dass p keine Glieder erster und zweiter 
Ordnung enthalten darf. 

Die Function Z bestimmt Gyld^n der Bedingung gemass, dass die reducirte Zeit 
keine Glieder langer Periode enthalten. 

Die zweite Abhandlung wird durch eine numerische Anwendung der hier 
auseinandergesetzten Theorie beschlossen. 

Die d'Alembert'sche Methode die Differentialgleichung (11) zu integriren leistet 
freilicli fiir die vorbereitenden Untersuchungen gute Dienste ; wollte man aber in 
dei*selben Weise fortsetzen, so wlirden die Bedingangsgleichungen so complicirter 
Natur werden, dass man schliesslich nicht mit gehoriger Sicherheit die Unbekannten 
ennitteln konnte. Nacbdem aber angenaherte Resultate schon gewonnen sind, 
kann man Methoden anwenden^ welche erlauben die Annaherungen so weit zu 
treiben wie man wunscht^ ohne dass die Bechungsscbwierigkeiten sich anhaufen. 
Die mathematischen Schwierigkeiten sind dazu wesentlich iiberwunden^ indem die 
Difierentialgleichungen von den Formen — 

^ + (1 - A + i^i) P = *• + ^.P» + ^.P» 

integrirt sind ; denn auf diese lassen sich die librigen fur die Gyld^n'sche Theorie 
eigenthumlichen Differentialgleichungen reduciren, Gyld^n nennt daher diese 
Formen "canonische" Formen. 

Von besonderer Wichtigkeit in der Storungstheorie im Allgemeinen, aber fUr 
die Kenntniss der absoluten Bahn unumganglich nothwendig, ist das Wegschafifen 
der in den Integralausdrucken explicite erscheinenden Bogen, wenn dies der Natur 
des Problems zuwieder ist ; in unerwartet einfacher Weise lasst sich dies erreichen 
durch die Anwendung der Lam^'schen Gleichung. Nur durch successive Bestim- 
mungen von liberzahligen Integrationsconstanten kann man namlich mit beliebiger 
Yollstandigkeit die nach und nach auftretenden Glieder besagter Form aus dem 
Besultate eliminiren. 
Pulkowa, Sept 20, 1882. 
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The American CommissioD on the Transit of Venus has equipped eight parties for obsendng the 
coming Transit, the same number as in 1874. The principal instruments are, as then, the horizontal 
photoheliographs and the 5-inch Equatoreals. The stations and the chiefs of the respective parties are : 
Gape Town, Pro£ S. Newcomb j Santa Oruz, Patagonia, Lieutenant S. W. Yeiy j Santiago de Chili, 
P^f. Lewis i506s; New Zealand, Mr. Edwin Smith; San Antonio, Texas, Pro£ A. Hall; Washington, D.O., 
Prof. W. Harkness ; Cedar Keys, Florida, Prof. J. R. Eastmnn ; Fort Thorn, New Mexico, Mr. George 
Davidson. The Commission has issued a very valuable pamphlet, "Instructions for observing the 
Transit of Venus," which chiefly deals with the photographic work and enters very fully into the 
adjustments of the instruments and the photographic processes to be employed (collodio-bromide emulsion 
process with alkaline development) ; dry plates are to be used. 

The French stations are : Port-au-Prince (M. d'Abbadie), Mexico (M. Bouquet de la Giye), 
Martinique (M. Tisserand), Florida (CoL Perrier), Santa Cruz (Capt. Fleuriais), Chili (M. de Bemardieres), 
Chubut (M. Hatt), Rio N^px) (M. Perrotin). 

The Brazilian stations are : St. Thomas, Magellan, Pemambuoo and Rio de Janeiro (Compies RenduSj 
Oct. 2.) 

The German stations are: (Punta Arenas (Prof. Auwers), Bahia Blanca (Dr. Hartwig), Aiken 
(Dr. Franz) and Hartford (Dr. Miiller). Astr. Nachr. No. 2469. 

We have received The American Ephemeria and Navflioal Almamac for 1885. The contents of the 
volume are similar to those of the volumes for 1882-84 (see this journal Vol. I, p. 58). For the 
additional stars, of which only the mean places were given in previous volumes, the apparent Right 
Ascensions are now given. The diagrams of the apparent orbits of the satellites of the outer planets, 
as well as many minor details (such as the star-constants/, G and H given both in arc and in time, with 
the Sidereal Hour of the corresponding Midnight) make this ephemeris extremely convenient and useful. 

A National Observatory is being founded at Chapultepec, Mexico, which is to be under the direction 
of Senhor Anguiano. The principal instrument will be a 15-inch Refractor by Grubb. 

The annual Report of Profl Hough, Director of the Dearborn Observatory, Chicago, gives a f\ill 
account of the physical observations of Jupiter which have been canied on with the 18-inch Refractor 
during the last three oppositions. Prof. Hough, who maintains that micrometrical observations are 
greatly superior to any other method of estimation in determining the positions of markings on the 
surface, thinks that tho phenomena seen on the latter will be found to be periodical in a manner 
analogous to that exhibited on the Sun. He believes the markings to be comparatively permanent in 
locality and that the surface of the planet is liquid or in a plastic condition. The obsei-vations of 1879 
and 1880 showed that the red spot was retrograding with increasing velocity. This di-ifting has 
continued up to the present time with great uniformity. The report contains ten drawings of Jupiter 
and two wood cuts representing the Observatory building and the interior of the dome. 

At the annual meeting of the Board of Governors of the Armagh Observatory (October 14) a 
committee was formed to raise a fund for the purpose of erecting in the Observatory an Equatoreal 
Refractor in memory of the late Director, Dr. T. R. Robinson. The committee has just issued a 
dicular, making an appeal to the friends and colleagues of Dr. Robinson to contribute to the fund. It is 
hoped that sufficient means may be obtained to erect an 8-inch refractor in one of the existing domes at 

Armagh. 

We have been obliged to defer to our December number an account of the Dun Echt Observations 
of the (Jreat Comet. 
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SPECTROSCOPIC OBSERVATIONS OF COMETS III. AND IV., 1881, 
COMET I., 1882, AND THE GREAT COMET OF 1882. 

By RALPH COPELAND and J. G. LOHSE. 
(Communicated bj the Earl of Crawfobd and Balcarres.) 

Although on former occasions several comets have been spectroscopically 
examined at Dun Echt, yet none of them could compare in brightness with any 
of the four comets, the spectroscopic observations of which we are now about to 
give. And it is only natui*al that under the more favourable conditions the 
spectroscope should better disclose the real nature of such phenomena as the 
several maxima noticed in the first or least refrangible band of Winnecke's Comet 
(& 1877) and of Hartwig's Comet {d 1880), and the well-defined sharp edge of the 
brightest or second band. That, however, the near approach to the Sun of Comet 
Wells, and of the Great Comet of 1882, and the vast increase of temperature 
connected therewith, should develop in their spectra bright lines, and the brightest 
of them in regions outside that of the three usual bands, and of a brilliancy far 
surpassing that of the bands, could not well be foreseen, although in the case of 
Comet Wells we expected, long before any trace of the D-lines became visible, that 
something quite unusual would appear in the spectrum near the time of perihelion 
passage. For the very bright and extended continuous spectrum indicat.ed a 
dense, compact nucleus, which could not but undergo violent changes, while under 
the influence of the intense radiation of solar heat. But even if no displacement 
of the lines had been observed, the very circumstance that such bright lines 
existed in the spectra of these two comets, arising almost certainly from substances 
also existing on our Earth, would be sufficient to make the two comets rank as the 
most important ones yet observed with the spectroscope. On the other hand it is 
worthy of note, that, in spite of their great brightness, Comet Schaeberle (1881 
IV.), and the Great Comet of 1882, when last seen on October 22 and 23, showed 
nothing except the three bands and only very faint traces of a continuous spectrum, 
both comets at the same time exhibitiiig very bright and long tails. 



Comet III., 1881. 

Although the earliest information respecting this comet, received in Europe, 
was telegraphed by Dr. Gould from Buenos Ayres, on June the first, it had already 
been perceived by Mr. J. Tebbutt, at Windsor, N.S.W., as early as May 22. The 
great resemblance of its elements to those of the comet of 1807, announced by Dr. 
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Gould, together with rough elements, telegraphed by H.M, the Emperor of Brazil, 
aided greatly in preparing northern observers for its sudden apparition on June 
22. It was not, however, until June 25 that it could be examined at Dun Echt. 
The diameter of the bright nucleus was twice on that day found to be 6'' '8 and 
5'' "6. It threw out a number of most remarkable jets, which varied from night 
to night, but here we must restrict ourselves to observations of its spectrum. 
That of the nucleus was intensely bright and in general strictly continuous, while 
that of the coma consisted of luminous bands. 

We shall now give the observations in the order and, as nearly as possible, in 
the exact words, in which they were recorded, in general, however, omitting the 
actual measures and referring the reader to the tabular statement of the resulting 
wave-lengths. 



Observations. 
1881. 

June 25. — The spectrum of the nucleus is continuous ; that of the coma shows the usual bands. With 
a narrow slit there are indications of many lines just beyond the vei*ge of distinct visibility. A 
dark band was noticed at wave-length 567"""'9. The sky was then very bright, too bright for 
making further observations. A little before sunrise the comet became invisible in the telescope. 
Sodium used as a comparison spectrum. 

June 28. — ^The £rst band almost extends to the second band, it does not appear black until just beforo 
the great line. With a very narrow slit a very bright line (517"™"-9+) stands completely 
separate and distinct at the beginning of the green band ; there is a second, but fainter line. 
The blue band, although fairly sharp at the redward edge (474"""*9+), is not bounded by any 
distinct line like that in the green band. 

June 29. — ^The brightest line passes across both the nucleus and coma ; this is also the case with the 
other line, which however is fainter. There are several lines in the third or blue band. Sodium 
used as comparison spectrum. 

July 27. — ^Three bands easily visible, but the least refrangible one presents the usual difficulty of 
measurement, viz., that it seems to have two or more maxima. The green band has again a 
distinct detached bright line at the redward end. There was also a trace of a fourth band in 
the violet. The continuous spectrum of the nucleus is far fainter than at the end of June, but 
in moments of good definition it seemed to be crossed by many very short bright bands. The 
spectrum seemed to change in intensity from moment to moment, like a dancing aurora borealis, 
but this may have been due to passing clouds. — R G. 

On August 20th, both comets, III. and IV., were seen with the naked eye. — R. 0. 

August 22. — ^The comet is still visible to the naked eye. The spectrum of the nucleus is much more 
continuous than that of Comet IV. ; it ends at wave-length 447"™* . 

The observations were made with the 15'06-in. refractor, and the Grubb compound prism in 
-•^he Grubb spectroscope. 

In the tabular arrangement of the wave-lengths some of the repeatedly measured objects are 
described by different words, as limitf maximvm, Ime^ because they were not always seen alike 
and with the same distinctness, and every time they were measured, their appearance was 
described by the most suitable term. 
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Observed Wave-lengths for the different parts of the Spectrum of the Great Comet 

1881, III. 



Object 



June 25. 
Wave-length. 



June 28. 
Waye-length. 



June 29. 
WaTB-length. 



July 27. 
Waye-lengtlL 



I 

01 



Bed limit of spectrum of nucleus, 

Middle of a dark band, 

Red limit of first band ; first maximum of the J 
band ; a line, | 

Middle ; second maximum of broad band ; ( 
brightest part of band, . . . . ( 

Still bright at, 

The band extends to, 

But does not appear black until just before the 
great line. 



Bright line, well defined, standing alone at 
commencement of green band, 



mmm. 
664-0 
667-9 
5641 
6630 

656-5 



517-5 
616-8 
516-0 



A second line, fainter, .... 
Declines in brightness up to, . 

{Fairlj sharp edge of band, .... 
Maximum of band, < 
End of band, 

A trace of lights 



471-7 



} 



A faint group of bright lines. 



• { 



434-0 



A bright line, common *to spirit lamp and comet, 
Yiolet end of spectrum t)f nucleus. 



mmm. 
670-6 

5630 
6630 
634-6 



617-9 
616-4 
517-3 
616-9 
615-9 
615-6 
614-9 



4981 

474-9 
468-4 
465-3 
4610 



434-6 
434-0 

430-2 
419-0 



mmm. 



663-0 
663-0 
563-1 
666-9 
656-2 



616-3 
616-0 



613-3 
612-7 
612-8 



468-3 
468-1 

467-7 

437-1 



mmm. 



546-8 1 

656-6 

539-7 



5170 
517-0 



The spectroscope is so constructed that the spectrum of the object under 
examination can be seen together with the comparison spectrum which appears 
above and below it. We were thus enabled to compare the spectra of this and of 
some of the other comets directly with the hydro-carbon spectrum of a spirit lamp 
and found that they always agreed in wave-length and outward appearance. 



Comet 1881, /F. (Sohaeberlb). 

This comet (also known isia Comet c 1881) was discovered by Mr. J. M. Schaeberle 
at Ann Arbor on the 14th of July (civil reckoning). It was studied with the 
spectroscope at Dun Echt on one occasion only. 

Aug. 22, 1881. — In comparison to Comet III. this comet showed but a feeble 
continuous spectrum which barely sufficed to connect the bands. In fact it may 
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be considered aa a specially bright representative of the numerous class of faint 
comets which exhibit spectra^ composed of three luminous bands. Particularly 
interesting is the measurement of the excessively faint line at 599"™ which in 
spite of the very considerable deviation may have been an extremely faint trace of 
the D4ine. It should be remembered that this line was so faint as almost to defy 
any attempt at measurement, so the resulting wave-length can but count for Uttle 
beyond a guarantee, that a faint line was seen near the place of the Sodium lines. 
If, however, the observed wave-length is considered fairly correct, it corresponds 
to a luminosity, almost amoimting to a line, which was repeatedly seen and 
measured in Comet Wells. This view is to a certain extent supported by the 
total disappearance of the D-lines in the spectrum of the Great Comet of 1882, 
when last seen on October 22 and 23, while the three bands were still very bright. 
The observations were made with the Grubb compound prism in the Grubb 
spectroscope, and Sodium was used as comparison spectrum. 

Observed Wave-lengths for the different parts of the Spectrum of Comet 1881, IV., 

(Schaeberle). 



Object 



Aagost 22. 
Wave-length. 



-g 



I 



I 



Faint traces of a band ; the spectrum here decidedly red, 

Beginning of the continuous spectrum, . 

Beginning of first band, 

First maximum in band 1, . . 

» » • • • 

Traces of 4 or 5 bright lines on band 1, beginning at, 
Almost a uniform brightness up to, . 
End of bright maximum, 
The continuous spectrum just goes through, it almost fades off immediately before the 

great bright Una 
Second maximum in band 1, . . . . . • 

End of first band, ^ • . • . • 



Great bright line, standing alone at the commencement of the second band. There is 
a stellar nucleus in the continuous spectrum at the intersection of the bright line, 



A bright line, ••••••.••' 

A bright point in the spectrum of the nucleus ; this is perhaps a third one, but may be 
identicsd with the one in the second bright line, for they were very small and 
difficult to fix. 

End of second band, ......... 

Beginning of third band, rather sharp, ...... 

Maximum of last band, ....... 

End of spectrum, ........ 



nriTirnTn , 

599-0 
593-9 
566-8 
561-2 
557-3 
561-0 
646-1 
545-3 



544-4 
534-2 

516-3 
516-7 
516-8 
516-4 
516-8 
516-2 
515-7 
515-6 
5131 



497-7 

473-9 
4741 
470-0 
4701 
470-1 
461-3 
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Comet Wells, 1882, 1. 

This comet was discovered by Mr. C. S. Wells, Assistant at the Dudley Obser- 
vatory, Albaay, on March 17. The spectrum was first examined here on April 
21, and found to be almost altogether continuous like a star spectrum. It diflfered 
80 entirely from the usual band-spectrum, that from the appearance of the spectrum 
alone the real nature of the object in view would hardly have been recognised at 
once. At the same time it proved that the amount of light, emitted by the small 
coma, visible in the telescope, was quite insignificant, compared with that of the 
highly condensed nucleus. This peculiar conduct of the comet invited conjecture 
and led us to expect something unusual, as already mentioned in the introduction. 
From time to time it was viewed through different direct vision prisms, held before 
the eye-piece, but on May 27 the Grubb spectroscope was again resorted to. To 
obtain a brighter spectrum the compound prism was replaced by a Steinheil 
60° prism, for which the reducing curve has already been given in " Copernicus/' 
Vol. II., p. 109. Soon a short bright line was noticed, but only on favourable 
moments ; the increasing twilight, however, prevented measuring it. On May 28 
the line was already considerably brighter, and coincided with the D-line of a 
spirit-lamp. The position of the comet was so unfavourable, and the phenomena 
it presented so interesting and wholly unexpected, that on Monday, May 29, we 
considered it safest to publish in a Dun Echt Circular (No. 52), the following 
notice : " The spectrum of the nucleus of Comet Wells deserves the closest atten- 
tion, as it shows a sharp bright line coincident with D, as well as strong traces 
of other bright lines, resembling in appearance those seen in the spectra of 
y Cassiopeiae and allied stars." 

In the sequel it will be seen, that none of the suspected lines ever attained 
the sharpness of D, although this was very nearly the case with 620"*°*" + and 

For some unknown reason the D-line of the comet, compared with that of the 
spirit lamp, always appeared a little reddish. 

The observations are given in foil ; for the reducing curve see ^' Copernicus," 
Vol. IL, p. 109. 

Observations. 

1882. 

April 21. — Spectrum with Grubb compound prism almost altogether continuous, with a feeble indication 
of bright bands. Skj not very favourable at time of spectroscopic observations. — R. 0. <& J. G. L. 

Maj. 27. — Grubb spectroscope, Steinheil 60° prism. Noticed for the first time a bright line in the 
less refrangible end of the spectrum, but it was still so faint as to require some attention to 
see it, and during moments of bad definition it became invisible. — H. 0. and J. G. L. (Date and 
heading " Oomet 1882 a (Wells) " only, in note-book.) 
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>. — Grubb spectroscope, Steinheil 60° prism j lowest power eye-piece. 



Micrometer 
Beading. 



A bright line, ....•• 

Beginning of spectrum, ..... 

A bright line (a feeble cylindrical lens before the eye-piece), . 

D, spirit lamp, ...... 

Maximum of a bright part, rather brighter than neighbouring parts, 

Same, ..••... 
A line, seen as a point, ...... 

A line ; bright point, ....... 

B.a 



62' 17'-8 
63 56-5 




A bright line, . . . . . • .62 

A point almost at violet end. There is merely a trace of light 47 
extending slightly beyond. 

Towards redward end in the brightest part of a green band, . < ^^ 

Fine continuous spectrum with a fine bright line (D) in the yellow. 

A line in the red, . . . • . < 

J. G. K 



Bright part of spectrum, 
D-line in comet, 

D, spirit lamp, • 

Edges of slit in D-light, 



60 
62 

[62 

61 
62 



12-5 
80-0 

23-4 
45-0 

620 
73-7 



49-2 
23-7 
171 
15-9 
13-0 
94-6 
32-9 



Beductbn 
to Ourve. 

+ 24*-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 
+ 24-9 



+ 21-55 
-h 21-55 

+ 21-55 
+ 21-55 

+ 21-55 
+ 21-55 



+ 21-56 
+ 21-55 
+ 21-55 
+ 21-55 
+ 21-55 
+ 21-55 
+ 21-55 



May 29. — Grubb spectroscope, long collimator, Steinheil 60° prism, on 15-06-in. telescope, in the 

position as at the close of last night's work. Daylight spectrum with narrow slit ; lowest power 
eye-piece. 





Micrometer 


Reduction 


Micrometer 


BeductioD 




Beading. 


to Curve. 


Beading. 


to Curve. 


B 


66' 84''-8 


+ 32»-8 


J,_4 67' 62»-6 


+ 32»-8 




84-2 


+ 32-8 


60-6 


+ 32-8 


C 


64 80-1 


+ 32-8 


F 64 98-8 


+ 32-8 




80-0 


+ 32-8 


65 1-2 


+ 32-8 


D 


62 3-2 


+ 32-8 


65 1-7 


+ 32-8 




3-2 


+ 32-8 


G 48 400 


4-32-8 


E 


58 340 


+ 32-8 


difficult to see 38-2 


+ 32-8 




33-8 


4-32-8 


39-8 


+ 32-8 


ft. 


57 72-2 
72-9 


+ 32-8 
+ 32-8 







The deviations from the curve not being large^ the unaltered cui-ve readings were used in the 
reductions. 
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Spectrum of Comet ; same dateu 



Bright reddish yellow line, 



Another line, 

Bright D-line, 

Brightest part in the gi'een, 

Same, 
D-line of spirit lamp, 



Limits of slit in D-light, 



Micrometer 
Reading. 

62' 9»^0 
110 
6-0 
13-2 
67-8 
69-3 
10-2 
27-3 
56-8 
14-5 
13-4 
120 
120 
26-5 
98-0 



62 

62 
57 
57 
62 



62 
61 



Beduction 
to Curve. 

+ 23'-0 
+ 23-0 
+ 230 
+ 23-0 
+ 23-0 
+ 231 
+ 230 
+ 23-0 
+ 23-0 
+ 23-0 
+ 230 
+ 230 
+ 230 
+ 230 
+ 23-0 



Observer R C. 



May 31. — Spectrum very fine with 60^ Steinheil prism. 



Bright D-line, 



A slightly brighter place, not decidedly a line, 62 

69 
Bed end ; narrow slit, 
Brightest in this part of the green, 
Slightly brighter than neighbourhood. 
Last light in violet, 
Cometary D-line, 



D-line, spirit lamp. 



Micrometer 
Beading. 

62' 17«^0 
12-7 
16-7 
62-3 
12-8 
27-6 
63-5 
38-0 
46-8 
20-2 
14-4 
15-3 
16-8 
141 
18-6 
16-9 



64 
59 
61 
49 
62 



62 



Beduction 
to Curve, 

4- 19"'-7 
+ 19-7 
+ 19-7 
+ 19-7 
-f 19-7 
+ 19-7 
+ 19-7 
+ 19-7 
+ 19-7 
+ 19-7 
4- 19-7 
-t- 19-7 
+ 19-7 
+ 19-7 
-f 19-7 
+ 19-7 



A bright part, 63 

Slightly brighter than the neighbourhood, 63 
Beginning of spectrum, 64 

A nebulous luminosity, rather long in the ) ctA 

direction of the slit; longer than the D-line, / 
A bright part, line ? 63 

A similar bright part^ 62 

D-line, very striking, 62 

A sharp bright part^ 61 

A maximum, 59 

Another nm-yiTniim ^ 56 

A marked maximum, . 57 

{62 



261 
79-3 
49-0 

27-9 

32-6 
63-6 
170 
730 
58-1 
55-9 
45-7 
17-9 
17-8 
16-7 
171 



Observers : R, C. and J. 



+ 18-6 
+ 18-6 
+ 18-6 

-t- 18-6 

-f 18-6 
-f 18-6 
-t-18-6 
+ 18-6 
+ 18-6 
+ 18-6 
+ 18-6 
+ 18-6 
+ 18-6 
+ 18-6 
+ 18-6 

G.L. 
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1882. 

June 1. — Grubb spectroscope, long coUimator, Steinheil prism of 60°. Comet's nucleus just at end of 
slit. The D-line extends into the coma [tail] bj at least the whole length of the slit. Faint 
bands just visible in the green (Sketch, see Fig. 4) ; the slit on axis of tail ; tail upwards appar- 
ently. When the nucleus was placed apparently on the upper end of the slit, the D-line was 
reduced to a bright point, and the daylight spectrum could be traced from GO* to 56r, or from 
549""^*5 to 495"™"'3 ; while to the redward of D the field appeared very black. (Sketch, see 
Fig. 5.) With slit at right angles to tail, and just behind the nucleus, the D-line was seen right 
across, but broadened out and soft on the edges. 

Micrometer Heduction 

Beading. to Curve. 

Bright part in green, 57' 55»-3 + 20'-0 

Another bright part, 59 47-3 + 20O 

59 83-2 +200 

Bright part in orange, 62 85 1 + 200 

A line or nearly so, 63 58*2 -f 20*0 

Beginning of spectrum, 64 75 '0 -j- ^^'^ 

Cometary D-line, 62 160 + 20-0 

Brighter part (brighter than neighbourhood), 60 11 -9 -f 200 



Altered main focus. 

Brighter part, 53 O'O 4- 16 1 

Extreme end of spectrum, 48 272 +16*1 

A line, the brighter one, 63 420 + 16-1 

A Udc, a little fainter, 62 65-0 + 16-1 

In accordance with what is sketched a 
couple of pages back (see Fig. 4), the comet 
is seen en miniature in the D-light. 

D-line of the comet, 62 19-9 

Bright part, 59 95-0 + 16-1 

June 4.-- Comet seen for a minute or so between clouds. D-line very much brighter. The comet was 

also seen through fairly dense cloud. 
June 5. — ^Very much cloud. 

June 6. — Grubb spectroscope, long collimator, Grubb compound prism in minimum deviation for F., 
13>» 45" G.M.T. We see the D-line of the comet beautifully double. D„ or the one to the 
violet, is about twice as bright as Dj. The lines are visible in the whole length of the slit, which 
is nearly parallel to the tail of the comet, so that this D-light is present in the nucleus, and 
the beginning of the tail as well. (Dark line, most probably in the daylight 44' 89P'2.) Day- 
light, so that writing was plainly legible. With a wide slit, the D-light of comet's tail visible 
for 6' and 7' from nucleus by two trials. 

With the nucleus in the lower part apparently of the widely opened slit, the sight was one of 
great magnificence. (Sketch, see Fig 6.) The beginning of the spectrum was then very bright red. 

Comet well seen with naked eye, and also through dark yellow glass. Comet seen splendidly 
in finder with a small direct vision McLean prism. 

Displacement, if any, of the D-lines one-tenth of interval towards the red. 

Just at sunrise, with a very narrow slit, the D-line towards the violet is fully twice as long 
as the other; both lines appear much thicker in the nucleus. (Sketch, see Fig. 7.) 
(The foUowing further notes were written on June 11.) 

Dr. Copeland estimated the brightness of the comet equal to l-5th magnitude, and I fotmd for it 
quite independently as limits, between which it must be classified, the first and second magnitude. 
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With a wide slit the sight was reallj magnificent : exactly like a prominence, the perfect image 
of the comet, head and tail, being visible in the light of the D-line, very bright and clear, and 
the comet being very near the horizon, the atmospheric disturbances of the image were some* 
times distinctly recognised by a waving motion of that part of the limb of the head, which was 
furthest from the tail, at once reminding me of Jupiter when seen at a time of bad definition ; 
the definition to-night, however, was very good, only the comet at first was very low down. The 
head appeared elongated transversely to the tail, the diameter being about three to four times the 
interval between the D-lines. — J. G. L. 

June 10. — ^Tried in vain to find the comet in day time. — ^R. C. & J. G. L. 

June 12. — Searched for the comet from 1** to 3** G.M.T., but the daylight was too powerful. — J. G. L. 

July 15. — About the place, assigned to comet Wells by the ephemeris, the sky was so bright that not a 
single star could be recognised, although specially looked for with the 15-06-in. refractor. 
The comet must therefore be considered as lost in these latitudes. — J. G. L. 

Observed Wave-lengths for the different paHs of the Spectrum of Comet Wells, 1882. 



Object 



Beginning of spectrum, 

» » • . . . . 
A brightness rather long in the direction of the slit, 
A line or nearly so, 

» » ...... 

A bright part ; line (?) 

» yy . . . . , 

A bright part; line (?) 

» » . . . . . 



Cometary Sodium (D)-line, 



I 



A sharp bright part, . 
Slightly brighter than neighbourhood, 
" A bright part, . 
A bright part ; a TnaTimnm^ 



2[ 



'd t Brightest part in the green ; maximum, 






Another maximum, 



} 



A line, bright point ; bright part, 



A line, seen as a point, 

A point almost at violet end, 

Last light in violet, . 



Maj 28. 
Waye-length. 



mmm. 
621-3 



621-9 
624-8 



590-6 
589-3 
590-5 
588-1 
588-8 
59M 
589-7 



558-0 



510-2 
513-0 
503-0 
495-3 



466-8 

450-7 
426-1 



May 29. 

Waye-length. 



mmm. 



600-6 
598-8 
588-4 
588-8 
587-8 
589-2 
588-6 



510-9 
514-6 



May 81. 
Waro-lengtlL 



644-1 
638-4 
638-2 
625-5 

614-1 
612-5 
598-7 
598-8 
589-3 
588-4 
589-2 
590-0 
588-8 

5891 
580-3 
573-8 

543-6 
542-6 
535-8 



512-7 
501-7 



437-1 



June 1. 
Wave-length. 



651-7 



620-6 

616-7 

603-7 
698-6 
589-2 
689-2 



6481 
651-5 
646-8 
6411 

614-1 



464-8 



428-8 
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834 Spectroscopic Observations of Comets 1881-82. 

The Great C(met of 1882. 

On September 1 1,* Monsieur Cruls, in Bio de Janeiro, discovered a large comet, 
visible to the naked eye in the morning sky before sunrise. The telegraphic 
announcement of this discovery was received in Dun Echt on the evening of 
September 13, and communicated in a Dun Echt Circular on the following day, 
as well as telegraphed to the Science Observer, Boston, U.S. 

On two occasions, but especially on September 16, the sky was examined with a 
small comet-seeker, and the finder of the 15-irL Equatoreal, but the atmosphere 
not being perfectly clear, the approaching daylight soon became so powerful as to 
render even the bright stars invisible in the finder, so that a further continuation 
of the search seemed useless. 

On Monday morning, the 18th, a telegram, kindly forwarded by A. A. Common, 
Esq., was received, announcing that a bright comet had been discovered by him 
at ten hours forty-five minutes on Sunday morning, five minutes preceding the 
Sun, approaching fast, and being most likely identical with Comet Cruls. As it 
happened to be clear. Dr. Copeland at once went outside to look for the comet. 
The first glance at the sky, with the Sun just concealed behind the western side 
of the dome, showed the comet splendidly visible with its head towards the Sun, 
and a tail about 15' long, pointing westward. 

As the telescope revealed no jets or any other striking phenomena not visible 
to the naked eye beyond the same majestic symmetrical form, it was at once 
decided to examine it spectroscopically, and if possible, observe it with the 
meridian circle. 

The Grubb spectroscope in its original form with the Grubb compound prism, 
approximately adjusted to minimum deviation for F, was, therefore, mounted on 
the 15-in. Befractor, and the image of the comet at once brought on the slit 
The expected bright Sodium lines exhibited themselves to the eye of the observer 
with a brilliancy and neatness quite comparable to the C-line in prominences, so 
well defined and clear did they stand out on the bright daylight spectrum. 

Widely separated as they were, by the powerful prism, it was easily and with 
the greatest certainty seen that the more refrangible D, was slightly but decidedly 
brighter, and a little broader than Di and just perceptibly soft on the red ward 
side, but this difference between the two D-lines was far less obvious than in the 
spectrum of Comet Wells, where it was impossible to overlook it. 

The presence of the dark Frauenhofer lines of the daylight-spectrum did not 
permit a decision as to whether the violet edge of the Unes was soft or well defined, 
nor in the short time at our disposal was it possible to determine the displacement 
of the bright lines with regard to the dark ones otherwise than by estimation. 
We may safely say that the displacement of the bright lines towards the red was 

* It was already seen as early as September 7 by Mr. Ellery in Melbourne, and on the 8th by Mr. Finlay at the jOape of Good Hope. . 
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not greater than one-fourth, and not less than one-twelfth of the interval between 
the D-lines, and that any quantity between one-sixth and one-tenth of this interval 
may be considered as a probable value. The actual few and rather discordant 
measurements, however, to which only little time was devoted, make the displace- 
ment of the lines as large as one-fifth or one-fourth of the interval between the 
D-lines, corresponding to an increase of distance between the Earth and the comet 
of about 37 to 46 miles (Engl.) in a second of time. 

By trial the D-lines were found extending fully twice the length of the slit, the 
latter equalling about 1^' when on the 15-in. Refractor. 

No similar trials were made for any of the other bright lines. 

Next to the sodium-lines in brilliancy came several lines in the green, notably 
E and some other prominent iron lines, and in every case the bright line was just 
to the redward side of a black Frauenhofer line. Among the observations two 
exceptions will be found, but these exceptions are only apparent. In the one case 
the bright objects observed, with sharp dark lines to the redward side, were not 
lines but bands, and, therefore, most probably not at all physically related to the 
black lines. In the other case two bright lines, both very soft, were observed very 
close together with a black line between them, which evidently proves nothing. 
Besides in both cases the objects observed were of the faintest and most ill-defined 
kind, and only measured once. Every time, however, when a well-defined bright 
line and a dark one were seen, so to say, in contact, the bright one was invariably 
on the redward side, the amount of displacement being in each case, so far as 
could be judged, the same. 

The spectrum thus seen was singularly beautiful. There were however five well- 
defined although not very prominent bright lines on the red side of D with no 
corresponding visible Frauenhofer lines. Four of these lines were measured, the 
fifth however was plainly seen in favourable moments by both observers and was 
about as bright as the two fainter ones, but the time at our disposal was so 
pressing that no'setting could be efiected. 

All these lines as well as the green ones were about as long as the slit. All 
the bright lines crossed the nucleus showing an increased intensity there, but not 
sufficiently so to give them a knotty appearance, as was the case with the D-lines 
in Comet Wells, thus indicating according to Prof. Zollner's investigations* a less 
density of the sodium vapours in this comet than in Comet Wells. Judging from 
the continuous ribband-like spectrum of the nucleus, which was roughly ^ of the 
length of the slit in width, the diameter of the nucleus amounted to about 10", 
which partly accounts for the difficulty experienced in keeping the image on the 
filit ; this difficulty was greatly increased by the rapid motion in Bight Ascension, 

That the two brightest lines were caused by incandescent Sodium vapours, there 

* Berichte der kOnigL sllchs. Oeflellschaft d. W. 81 October, 1870. PoggendorfTs Annalen d. Physik n. Chemie. Bd. 
:218» pp. 88-111. 
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can be little doubt. But to what origin do the other bright lines point ? E and 
one or two of the bands might indicate Calcium, but E is a very inferior Calcium- 
line and if it owed its great brilliancy to incandescent Calcium vapour, the more 
prominent Calcium lines ought to have been giants. Quite similar is the case with 
Titanium, some of the lines point to it, but the main Titanium lines were not 
noticed. But if we turn to Iron, the case is very different The spectrum being 
rich in lines like those of Calcium and Titanium, it would not be very wonderful, 
if a single one of the observed lines could be matched with an Iron-line. But not 
merely an odd one, nay, all the six brighter lines observed in the green and yellow 
correspond, to the most prominent Iron lines in that part of the spectrum and 
even the two broad bands, noticed there, fall into a group of numerous Iron lines. 
And further, Monsieur Lecoq de Boisbaudran in his " Spectres Lumineux," Paris 
1874, puts down his group k and a few not very faint lines, in almost the very 
places where the five faint lines in the orange were observed. We do not attach 
great weight to the fact that to these five bright lines corresponding Iron lines can 
be found, but it remains nevertheless remarkable. 

It is necessary specially to mention a luminosity between bi and b^ and also a 
bright soft band, the wave-lengths of which coincide with the brightest band, 
generally observed in the spectra of comets, for that band must have been very 
bright to be noticed on a bright daylight spectrum. And this was partly proved 
by the brilliancy with which that band shone on later occasions. 

Observations. 

1882. 

September 18. — Grubb spectroscope in its original state ; Grubb compound prism. 

D-line bright and double. — R. 0. & J. G. L. An approximate position of the comet was- 
received by bringing it on the centre of the slit and reading the circles, the comet then being 
exactly one hour east of the meridian. The residting place, corrected for refraction and instru- 
mental errors, is : — 

Date. Dmn Echt M. T. App. a Comet App. S Comet. Obseirer. 

Sept. 17, 22»» 42" 49" 11*» 31" 43'-9 + V 27'-8 R C. 



At IP A.M., G.M.T. — Many bright lines in the 
green just to the redward side of solar lines. 
Bright Ime in spectrum of the comet, 
Frauenhof er Une of daylight, . 
Bright line in spectrum of the comet, 
Frauenhofer line of daylight, . 
Bright line in si)ectrum of the comet, 



Micrometer 
Reading. 



49' 
49 
50 
50 
51 



49-4 
16-3 
13-2 
21-8 



Redn. to 
Curve. 



+ 
+ 
+ 
+ 
+ 



7»-6 
7-6 

7-6 
7-6 
7-6 



WsTe-length. 
mmm. 



526-9 
527-0 
5330 
532-7 
542-9 



Observer. 
R. 0. 



At this time no more observations could be secured, the comet being visible only during short 
intervals between the clouds, of which there were two layers, moving in different directions. 
Fortunately there was an opening between the clouds at the time of meridian passage, and the 
comet was observed on six wires, which agree well, the setting in declination being made at th^ 
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1882. 



middle wire. The comet entered the field very high ; and in setting the telescope the first wire 
was lost, and apparently also the count of the seconds, for this was found to he one second ahead 
of the clock at the close of the ohservation. All the wires were therefore lessened one second, 
and there is hardly any possibility that this correction should not be right. The meridian cirele 
was then in succession set on several stars, but clouds always obstructed the view. At last, some 
wires of Polaris, and a good observation of a Bootis were obtained. 

The meridian observation, corrected for refraction and instrumental errors, gives the following 
position for the comet : — ... 



Date, 1882. 
Sept. 17, 



Dun Echt M. T. 
23'' 41" 58- 



App. a Comet | App. 8 Comet. 
IP 31- 8'-98 I + 1** 23' 26"-2 



Obeenrer. 
J. G. L. 



At about 3'' 50™ p.m., G. M. T. — The following Frauenhofer lines of daylight were measured 
by J. G. Lohse : 



B 
C 
a 
l>i 



Micrometer 
Beading. 

61' 8^-9 

59 56-1 

57 96-7 

55 36-9 





Micrometer 




Beadiog. 


». 


66' 32»-6 


£ 


49 65-6 


b, 


48 640 


F 


44 10-9 



Immediately afterwards it became dear in the west, and the comet was beautifully seen for 
fully half an hour. Having been tantalized so long by the constant interference of the clouds, it was 
determined, in view of the still threatening aspect of the sky, to measure quickly eveiy visible 
bright line and band in the spectrum of the comet, and not to try a tardy identification of some 
of the lines in Angstrom's map. 

Micrometer 
Beading. 



Bright D, ( The bright lines are on the redward side of 

} the black ones. 
Bright D, ( D, is somewhat thicker than Di, . 

Bright line, 

2 faint bright lines before D, the first is the brighter ( 

one. ^ t 

Fairly bright line, with a black line to the violet, 

E bright, also dark, 

Fairly bright liue, also dark, 

Fairly bright line, also dark, 

Broad band ) BolJi as broad as interval of D, with 
Broad band / sharp dark lines on redward side. 
Bright line ) Fainter than the 2 lines nearer to D; both 
Bright line / visiblethroughthewholelengthof tibeslil 
Bright line ) The 2 lines nearer to D ; also both visible 
Bright line / through the whole length of the slit. 

A short bright line, 

A faint soft brightness, 

At this time the comet was seen through yellow 
glass with the naked eye fully half a degree long. 
Bright part ) The second luminosity is a little brighter ; 
Bright part j there is a black line between them. 

Unfortunately the spectroscope was at this time 
subjected to an accidental strain. 
A brightness to redward side of a dark line between 

hi and 6g. 
A soft band, 



55' 37'-8 



55 
56 
55 
55 
51 
49 
50 
51 
53 
52 
55 
55 
56 
55 
54 
55 



34-8 
35-3 
67-3 
58-6 
30-8 
58-1 
26-3 
330 
00 
750 
890 
82-1 
68-2 
591 
64-3 
42-8 



48 85-2 
48 80-5 



48 671 
47 9M 





Way.- 


toCnrre. 


length. 




nunm. 


- 2»-6 


689-3 


~ 2-5 


688-9 


_ 2-6 


602-8 


- 2-6 


693-3 


- 2-6 


692-1 


— 2-5 


642-8 


- 2-5 


626-9 


- 2-6 


533-0 


- 2-8 


643-0 


— 2-6 


660-1 


- 2-6 


667-4 


- 2-6 


696-3 


- 2-5 


696-3 


_ 2-6 


693-4 


_ 2-5 


592-2 


_ 2-6 


579-7 


_ 2-6 


690-0 


- 2-6 


620-7 


— 2-6 


620-3 


_21-8 


517-6 


-21-8 


611-6 



Obicrrw. 



J. G. L. 



R 



G. L. 
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^ The bright lines are about 1' of the screw 
to the redward side of the black lines. 



Bright line 

Bright line 

Bright line 

Bright line 

Bright line 

Bright line ^ 

E, the dark Frauenhofer line of daylight, • 

The images being too bad for any further spectro- 
scopic observations, the comet was again brought on 
the middle of the slit and the ciroles read. The 
resultingplace, corrected for refraction and instrumental 
errors, " 



Date, 1882. 



Dan Echt 
Mean Time. 



App. a Comet. 

IP 29» 6-5 



App. 8 Comet. 
+ 1° 13'-0 



Sept. 18 4> 14" 40- 
At 4»» 35- P.M., G. M. T. 
The continuous spectrum extends from, 
to, 

The nucleus is not visible in an open slit as was the 
case with comet Wells. 
A bright band (with wide slit). 



ICdoiiMter 
Beading. 


Badaeti<m 
toCnnre. 


WaT»- 
length. 


61' 97»-3 
61 48-8 
61 160 
50 88-3 
50 410 
49 77-4 
49 76-6 


_ 21»-8 

— 21-8 

— 21-8 
_21-8 

— 21-8 

— 21-8 
_21-8 


mmm. 
647-4 
542-6 
539-6 
636-9 
632-6 
626-9 
626-8 


61 32-4 
39 31-4 


_21-8 
— 21-8 


.685-5 
457-5 


47 78-8 


-21-8 


510-5 



ObMrrar 



E.C. 

f 
9 



RCA 
J.G.L. 



There is nothing surprising in the disappearance of the image of the nucleus, 
shining in the yellow Sodium light, on opening the slit wide, for prominences also 
disappear at last under similar circumstances. The reason is that the apparent 
brightness of the monochromatic image of an object is independent of the breadth 
of the slit, while that of the continuous daylight increases proportionally to the 
breadth of the slit. 

With the aid of the eight Frauenhofer lines, measured in the spectrum of daylight, 
a new reducing curve was constructed on the basis of another curve, formerly 
prepared for this prism. The readings for a sufficiently extended part of the curve 
Are given here. 

Beducing curve for transforming into wave-lengths the corrected Micrometer 
Readings of the Grubb Spectroscope, the Grubb compound prism being approximately 
adjusted to minimum deviation for F : 



Wave-length. 


Micrometer. 


Wave-length. 


Micrometer. 


Wave-length. 


MicrometOT. 


mmm. 










mmm. 




480 


43' 9»-4 


540 


50* 99»3 


600 


56' 13»-2 


486 


43 940 


545 


61 


61-2 


605 


56 48-2 


490 


44 73-0 


550 


62 


1-5 


610 


66 82-2 


495 


45 47-2 


555 


62 


500 


615 


67 15-4 


600 


46 17-4 


560 


62 


96-5 


620 


67 47-8 


605 


46 86-0 


565 


63 


41-0 


625 


67 79-6 


610 


47 60-3 


670 


53 


83-7 


630 


58 10-7 


615 


48 13-3 


675 


54 


24-5 


635 


58 40-8 


620 


48 74-4 


680 


64 


64-1 


640 


58 69-7 


625 


49 33-6 


585 


65 


2-8 


645 


68 97-6 


630 


49 90-7 


690 


56 


40-6 


650 


69 24-6 


635 


60 46-8 


595 


66 


77-4 


655 


69 50-4 


£40 


50 99-3 


600 


66 


13-2 


660 


59 76-4 
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For the sake of uniformity the Eeduction to Curve was always deduced from the 
readings for the bright E-line, although this proceeding is not strictly correct ; for 
it assumes the displacement of all the bxight lines to be always the same number of 
parts of the screw, and moreover the resulting wave-lengths, thus obtained, are 
all too small by a corresponding quantity. But, besides that the instrument does 
not measure to such a nicety, these errors are insignificant compared with the 
neglected and not easily determinable variations of the zero correction, caused by 
the flexm*e in the spectroscope. 

To facilitate comparisons the observations are now given in the order of the 
wave-lengths, together with the corresponding dark Frauenhofer-lines, for which the 
wave-lengths are taken either from Angstrom's or from M. Lecoq de Boisbaudran's 
tables, and marked accordingly A or B. It is hardly necessary to point out, that 
the wave-lengths given for the lines, seen both bright and dark, only serve to 
identify in the solar spectrum these dark lines, which were nearly all conspicuous 
ones, and that it is altogether inadmissible to draw conclusions from them as to the 
displacement of the lines. 



Seen begiiming of Bpectrum before £ or alK>ut, 
Beginning of spectrum, measured, 



Bright line, • • 

Bright line, not measured, but seen by both observers. 
Bright Une ) Fainter than the two Unes nearer to D ; both 
Bright line / visible through the whole length of the slit. 

'^ ^^ I The first line is just perceptibly brighter than 
B • Kt r e / *^® second one ; both visible through the whole 

^&m ) lei^ of the slit 

Faint soft brightness, 

Bright Di ) llie bi-ight lines are on the redward side of the 
Bright D. j black ones ; D, is somewhat thicker than D^. 
Short bright line, • • • 



Broad band ) Both as broad as interval of D ; they have 
Broad band j sharp dark lines on the redward side. 



Bright line, to the redward side of a dark line. 
Bright line, to the redward side of a dark line. 



Same, 
Same, 

Bright line, to the redward side of a dark line. 

Bright Une, to the redward side of a dark line, 



;} 



Wave- 
length. 



700 
685*5 

602-8 



596-3 
595-3 
593-3 
593-4 
592-1 
592-2 
590-0 
589-3 
588-9 
579-7 



560-1 
557-4^ 



547-4 
542-9 
642-8 
5430 
542-6 

539-5^ 

536-9 



Lines in the Solar 




Spectrum or in the 


Anthw 


Spectrum of Iron (B). 




mmm. 




(? 602-30 Fe 
". 1601-8 


A. 


B. 


? 694-74 Fe 


A. 


1 593-6 1 


B. 


1691-6 >G~«P« 


B. 


589-50 Na 


A. 


688-90 Na 


A. 


1 679-72 Fe 


A. 


1 660-17 Fe i 


A. 


1 659-72 Fe ^ 


A. 


1 659-12 Fe | 
1 658-56 Fe "s 


A. 


A. 


1 558-38 Fe M 


A. 


1 657-76 Fe S" 


A. 


1 557-49 Fe Ji 


A. 


1 657-17 Fe § 

1 556-85 Fe A 

547-33 Fe, Ti 


A. 


A. 


A. 


542-88 Fe, Ti 


A. 


1 539-60 Fe 


A. 


1 540-31 Fe 


A. 


1 540-48 Fe 


A. 


537-05 Fe 


A. 
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Bright line, to the redward side of a dark line, 

Same, 

Same, 
Bright E-line, to the redward side of the dark E-line, 

Same, 

Same, 
Bright part I The second luminosity is a little brighter ; 
Bright part J is a black line between them. 
A brightness to redward side of a dark line, between 6, and 5, 

Soft band, 

Bright band (with open slit), 

End of continuouB spectrum, ..... 



there 



Ware- 
length. 

533-0 
5330 
532-6 
526-9 
526-9 
526-9 
520-7 
520-3 
517-6 
511-5 
510-5 
457-6 



Lines in the Solar 

Spectrum or in the 

Spoctrnm of Iron (B). 

TniTiTn, 

532-73 Fe 



526-90 Fe, Ca 



I Great band of the 
f comet. 



Authoritifii. 

A. 
A. 



Although the observations were begun at about 10'' 50" a.m., the clouds were so 
troublesome that we probably had not more than an hour's unobstructed view of 
the comet from that time until 5** p.m., about which time rising clouds to the 
westward completely cut off the comet from our view. 

At Noon we telegraphed to America and in the evening prepared a telegram to 
the Academy at Vienna and a Dun Echt Circular No. 56, ready for dispatch to 
Aberdeen by the early post (8 a.m.) on the following morning. The next day, 
Tuesday, September 19th, was very cloudy and wet and the weather remained so 
for the rest of the week, until all hope of renewing the daylight observations was 
at an end. 



The first opportunity of seeing the comet in the early morning twilight we had 
on September 29th. It was at first visible to the naked eye but was soon over- 
powered by the approaching daylight, even in the field of the telescope. 

In the spectroscope the brightest band of the ordinary comet spectrum was 
wonderfully distinct, the initial green line being fully separated from the rest of 
the band. The D-lines, merged into one, were also very bright so that on opening 
the slit gradually the comet was seen in two colours, yellow and green. It was 
not possible to get a full view of the nucleus and the rest of the tail in this 
manner, as the continuous spectrum of the increasing daylight overpowered the 
comet's spectrum, before the slit was sufficiently wide open. The great group of 
bands in the citron, which we have seen in so many comets with extreme difficulty, 
was visible as a complicated group of bright bands. It is very much to be hoped 
that spectroscopic observations may have been made in the Southern hemisphere 
at this critical time, when we believe that the increasing distance of the comet 
from the Sun was gradually changing its spectrum from the type shown by Comet 
Wells, to the usual type of cometary spectra. By the time that a few 
measures had been taken the spectrum of the daylight extinguished that of the 
comet and the observer found himself measuring the familiar Frauenhofer lines. 
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1882. 

^ptember 29. — Grubb compound prism in the Gnibb spectroscope. 
Comet visible to the naked eye at 17** 6" G.M.T. 



Lowest power eye-piece. 



Object 



Redward edge of bright band, . 

Ahnost a line, 

Frauenhofer line E of daylight, 
Franenhofer lines 6, seen as one line. 



Micrometer 
Reading. 



48' es**-? 

57 25-0 
49 96-5 

48 77-2 



Reduction 
to Curve. 



40'-9 
-40-9 
-40*9 
-40-9 



Wave- 
length. 



mmm. 
515-9 
610-3 
526-9 
516-9 



OlMerver. 



R. 



With a rather wide slit the nucleus and neighbouring part of the tail were seen by the light of 
D and also of the great green line. The latter was seen quite separate and distinct like D in an 
open slit. On opening the slit wider the daylight overcame the light of the comet There was a 
broad region of light on the green side of D, where we have often measured faint bands in 
hydrocarbon comets. 

The comet is of a rich golden colour and some 30® in length. 
The spectrum was also seen by Mr. J, G. Lohse, but not measured. 
October 22. — Grubb compound prism in the Grubb spectroscope. Lowest power eye-piece. 

In the finder the nucleus appears elongated in the direction of the tail. The sight with the 
naked eye is very splendid ; the tail is exceedingly bright, a little curved, the convex side to the 
south, which is also the brightest and sharply bounded, while the north side fades off. Gradually 
broadening, it attains at the end a breadth equal to about one-sixth of its apparent length, and as 
the brightness is almost uniform it presents the appearance of being cut off. But on closer 
examination the southern third of the tail is seen to have a very fiEdnt conical continuation. The 
tail is fully 20*' long. 

Looked in the finder for Professor Schmidt's companion, but did not see it. 
Li the spectroscope not a trace of the D-lines is visible, although diligently searched for. 
The continuous spectrum of the nucleus is faint and only just sufficient to connect the bands^ 
almost like in Comet IV., 1881 (Schaeberle) ; it begins a little before the first band and ends not 
very far beyond the third one. The first band is the faintest, it has only one nrm-rimiiTn n.y^ 
fades off on both sides. The second band is by far the brightest, it begins with a sharp line, which 
is however not any more separated from the rest of the band, most probably on account of the 
wide slit ; with a narrow slit the spectrum became too fiEdnt. 

At 18*" G.M.T. the comet was still tolerably bright in the spectroscope, but soon disappeaied. 



1st band : maximum, 

2nd band : sharp edge, 

3rd band : maximum ; the edge is a little soft, 
D of spirit lamp, 

99 • • • • • 

Limits of slit in D-light, .... 

9} • • • • • 

Istband: maximum, 

VOL. n. 



Micrometer 
Reading. 



53' 
49 
42 
55 

56 
55 
53 



6P-9 
12-5 
22-2 
91-8 
92-5 
401 
46-9 
38-5 



BednetioD 


Ware- 


to Cnnre. 


lengtb. 






- 67»-65 


560-9 


- 57-65 


618-4 


- 67-65 


471-8 


— 57-65 




_ 67-66 




- 57-66 




- 57-65 




_ 49-45 


1 659-2 



Obwrrer. 



J. G.L. 



2l 
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2nd band : bright edge, 
3rd band : maximum, . 

Same, 
2nd band : bright sharp edge, 
1st band : maximum, . 

Same, 
D of spirit lamp. 

Same, 
Limits of slit in D-light, 



Micrometer 


Reduction 


Waye- 


Reading. 


to Curve. 


length. 
mmm. 


48' 86'»-2 


- 49'-45 


516-8 


41 90O 


— 49-45 


470-4 


41 99-0 


- 49-45 


470-9 


48 75-1 


- 49-45 


516-0 


52 98-8 


- 49-45 


554-9 


52 82-9 


— 49-45 


553-3 


55 821 


— 49-45 




86-2 


^ 49-45 




56 17-3 


- 49-45 




55 460 


- 49-45 





Obaemr. 
J. G. L. 



79 
19 



9} 



D of spirit lamp, . 
1st band : maximum, 
2nd band : sharp edge, 
3rd band : maximum, 



65 


80-2 


-45-5 


52 


97-5 


_ 45-5 


48 


86-8 


-45-5 


42 


7-0 


— 45-5 



Systematically arranged, the wave-lengths for the three bands 
Wave-length. 

560-9 2nd band : sharp edge, 
559-2 Same, 

554-9 3rd band : maximum, 
553*3 Same, 

555-2 Same, 

518-4 Same, 

516-8 



1st band : maximum, 

Same, 

Same, 

Same, 

Same, 
2nd band : sharp edge. 

Same, 



655-2 1 


617-3 1 


471-6 1 


Vave-len 
mmm. 


516-0 


517-3 


471-8 


470-4 


470-9 


471-6 



October 23. — Grubb spectroscope in its original form, with Grubb compound prism approximately 
in minimum deviation for F. The telescope was, as usual, the 15-06-in. Equatoreal. 

Viewed the 8|>ectrum of the comet at about 18*" G.M.T. ; only the three bands are visible. In 
the second band a bright point was noticed at the intersection of the sharp edge and the spectrum 
of the nucleus ; a similar, but fainter point appeared at the brightest part of the third band. The 
spectrum of the nucleus is brightest, where the bands are brightest, and fades away exactly as 
the bands do, extending only just sufficiently to connect the latter. The length of the tail is about 
equal the distance between ji and y Leonis. — J. G. L. 



General Remarks. 



Judging from the totality of the appearance presented by these four large 
comets, we are strongly inclined to think, that the difference of spectra of nucleus, 
coma and tail is only one of intensity, however that may be brought about. The 
maxima of brightness in the spectrum of the nucleus always coincide with the 
brightest parts of the bands of the coma and tail. With increased brilliancy the 
bands dilate in breadth, and show a tendency to unite and become continuous, 
as was very nearly the case in Comet III., 1881. In fact, on the first days there 
was any quantity of continuous light between the bands, but whether it was 
entirely owing to twilight could not be decided. On the other hand in Comet 
IV., 1881, and in the great comet of 1882, when last examined, the spectrum of 
the nucleus was reduced to that of a bright, shining coma, the connexions between 
the bands being only faint, nebulous lines. In the bright spectrum of Comet 
Wells, where — not counting ior the moment; the sodium lines — the coma and tail 
practically showed no spectrum, the bands nevertheless were strongly indicated by 
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increased radiance in these regions, and it will always be difficult to decide how 
much of the light is identical with the banded coma light ; and whether the 
reflected sunlight may not be sufficient to account for the rest of the light 

We have positive proof, that, when a comet is very near to the Sun, the changes 
in the light, caused by the Sun's vast heating power, are not restricted to one part, 
but are the same in the nucleus, coma and tail. On June 6 the whole Comet Wells 
was seen brilUantly in the light of sodium in an open slit, the tail as well as the 
head, and in the spectrum of the great comet of 1882 all the brighter lines extended 
through the whole length of the slit, being, however, fuller of light in the nucleus, 
thus indicating their presence in the nucleus as well as in the commencement of 
the tail. 

A conjecture, perhaps not new, of the origin of the sodium and iron lines may 
here not be altogether out of place. Although probable, it is not absolutely 
necessary, that the substances sodium and iron originally existed in the comet ; 
the phenomena would have been essentially the same, had these metals been 
present in those regions of interplanetary space, and the comet only been the means 
of making them luminous. 

But if they form an essential part of a comet's substance, the appearance and 
disappearance of their spectra might, perhaps, be utilized as indicating the amount 
of heat ; under all circumstances, however, they will be very valuable. 

We cannot omit to say a few words about the first, yellowish green band. 
It is generally described as similar to the two other bands, beginning brightest 
towards the red, and fading gradually away towards the violet. It is true, the 
dispersive power of the instrument greatly modifies the appearance, but we must 
say, that under high dispersion we have never seen the first band like the others : 
it always faded away on both sides, and had seldom a very marked maximum, 
sometimes it had two, and, perhaps, more, and it seems to be the only band, which 
shows an essentially different appearance in different comets, and, therefore, 
deserves always a special examination. Unfortunately, it is nearly always the 
faintest band, and difficult to deal with, and only in Comet III., 1881, traces of what 
may be bright lines were recognisable ; that the iron lines have any connexion with 
it is very doubtful, since E falls outside of it. 

With respect to the measures of fainter lines and bands, we cannot too strongly 
insist on the fact that the spectroscope used is so constructed that the observer can 
never know what the reading, and still less the wave-length, will turn out to be ; 
each measure is, therefore, quite independent of personal bias, and any feature, 
however difficult to perceive, if referred by measurement again and again to the 
same part of the spectrum, must actually exist. 

The drawings, which accompany this paper, are intended to represent, as nearly 
as possible, the actual appearance of the spectra of the comets in the spectroscope, 
but, being negatives, can only do so insufficiently ; the difficulties of representing 
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the bands and lines bright, are, however, extreme. As scale the micrometer 
readings for the compound prism were taken, to which the observations made with 
other prisms have been reduced for the sake of uniformity. In the case of Comet 
III., 1881, all the details are shown in one single drawing, although observed partly 
on different nights ; the same is the case with the first drawing of the spectrum 
of Comet Wells ; the D-lines are represented there as seen on the last day ; at 
first they were only a faint point, but became brighter and longer from day to day. 

In Fig. 8 all the bright lines and bands, that were seen, are given, but to convey 
a real idea of the splendid appearance, an artist would have to represent them on 
a coloured solar spectrum side by side with the dark lines. 

Fig. 9 is incomplete for want of observations. 

Nearly all the observations were made conjointly by both observers : either 
the one, who observed, noted also the observations, while the other kept the 
image of the comet on the slit, or if the latter caused little diflSculty, the observer 
would do it, and dictate the readings to the other, who also, from time to time, 
showed the comparison-spectrum. To avoid fatiguing the eyes, the observers 
changed once, twice or oftener, according to circumstances, and as a rule, both 
always examined the spectrum, that nothing might be overlooked, and, if possible, 
measured it both. The omission of the initials R C. and J. G. L., therefore, 
indicates that the observations were made by both observers promiscuously. 

Ralph Copeland. 
J. Gkrh. Lohse. 



CORRECTIONS AND ADDITIONS. 
Vol. I., p. 237. Comet 1881 e (Babkakd). 



and 

For Oct. 11, 
Bead Oct. 11, 



For Oct. 11, 
Bead Oct 11, 



Aa 


a; 


+ 0- 41'-81 
+ 0- 41'-83 


— 5' 4"-8 

— 5' 4"-8 



aComeL 


S Comet 


I* 46- 6-56 
;* 46- 5'-84 


+ 20° 26' 9"-6 
+ 20° 30' 14"-0 



W 45" 
IS"* 45- 



22--03 
22--30 



Redn. 

+ l'-72 
+ P-71 



s 


B.dii. 


+ 20°31'24"-9 


- 10"-6 


+ 20* 36' 29"-4 


- 10"'6 



D. M. + 20°, 2884, connected 
with 1 BoOtia on 1881, Oct. 11, 
and 1882, March 10. 

The mistake in the deduction of the star-place was pointed out by Prof. E. Milloseyich, at Rome. 
Vol,n., p. 118. North folUyunng of star No. 60 is a faint star of the 15th magnitude, the place of 
which is about— a = 2P 37- C-S , 3 t= + 42** 17' 36". 

It was plainly seen by both observers on 1882, August 19, when also 2 stars were seen near 
No. 25 ; the brightness of Nova Cygni was on that night estimated of the 14th magnitude. 
y, p. 119. In the List of Memoirs on Nova Cygni was accidentally omitted 

Astronomical Register — ^Yol. 15, p. 46, Isaac Ward, position and sketch. 
Page 129, line 18, for trepidatis read trepidatio. 
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99 


20, 


M 
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2k 




99 


99 


22, 


for 


= nod 






99 


99 
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-P'- 


167, 


99 


9, 


for 


and read et 





Copernicus, Vol.n Plate VI. 
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